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The “Field-Morris” System of the Aeration 
of Steam. 


By F. A, LART, A.M. Inst.C.E. 


EFERENCE was made in the Rail- 

way Engineering notes of 

THE ENGINEERING Review for 

April and May to certain 

articles in the Engineer (November 16th 
and 23rd, 1906) and the 7imes Engineer- 
ing Supplement (February 27th and 
March 13th), in which the present writer 
briefly alluded to the above novel and 
ingenious system of increasing the 
thermo-dynamic efficiency of steam 
used in locomotives and other forms of 
steam engines, including turbines. The 
remarks then made appear to have 
aroused some curiosity and interest 
amongst steam users and engineers 
generally, and the writer has been asked 
to explain more fully the particulars of 
this idea and the methods and advan- 
tages of its practical application, which 
he is now enabled to do in this article. 
The system in question is extremely 
simple, both in theory and in practical 
working, and highly efficient in its re- 
sults. It consists simply in mixing a 


Vol. 17.—No. 97. 


suitable proportion of ordinary air, com- 
pressed to preferably the same degree 
as the working boiler pressure of the 
steam, with the steam immediately after 
it leaves the boiler on its way to the 
cylinders, and superheating the mixture 
thus formed by any suitable and econo- 
mical means, such as the waste boiler 
gases. 

The steam engine using this 
aérated steam mixture becomes in effect, 
and in its actual working, a combined 
hot air and steam engine, with the par- 
ticular economies and advantages of 
both systems, and with peculiar advan- 
tages not possessed by either but 
induced by this simple means. The 
theory and practical working of both 
hot air and steam in reciprocating 
engines of the ordinary type are no 
doubt familiar to all readers of this 
Review, and are frequently discussed 
in these columns. The especial and 
peculiar characteristic of hot air engines 


_is the apparently paradoxical fact that 


B 
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the power necessarily expended in com- 
pressing the air, apart altogether from 
the cost of heating it beyond the very 
high degree of heat acquired and de- 
veloped by the compression itself, is 
more than given back in potential 
dynamic energy and actual mechanical 
power. 

This useful characteristic, which is 
quite unique amongst the various pro- 
perties of the several motive fluids, as 
they are sometimes called, that are in 
practical use, disposes of any objection 
that might appear as regards the steam 
and engine power absorbed in com- 
pressing the air before mixing it with the 
steam in the “ Field-Morris ” system. 

The necessary means of compressing 
the air, in the form either of independent 
pumps or of pumps attached to or form- 
ing part of the engine itself and worked 
directly from and with it, of course 
involves some complication of an 


ordinary design and some additional 
wear and tear. 
But the same objection applies to 


compound steam engines or those using 
additional high pressure cylinders as a 
means of providing increased power, and 
also to any other means of effecting 
economies in steam and water consump- 
tion and increasing the thermo-dynamic 
value of the steam, as in the case of 
superheaters and economisers. Money 
is always well spent, whether as prime 
or maintenance costs or both, in effect- 
ing recognised economies by any such 
proved means; and the system in 
question may be used tosupplement the 
ordinary methods of effecting those 
economies of fuel, water, steam, oil, and 
general consumption, and maintenance 
charges, which are so urgently necessary 
at the present time when prime and 
working costs of every type of power 
plant are so extremely high and increas- 
ing every year. 

In the case of this system, however, 
it is obvious that the prime and main- 
tenance costs of the necessary pumping 
and superheating apparatus to be added 
to any existing steam engine plant 
would not be very considerable: and it 
may be taken for granted that there are 


nowadays very few steam power installa- 
tions to be found that are not already 
properly equipped with one or other of 
the recognised systems of utilising the 
utmost thermal value of the waste gases 
from the boilers, either as superheaters 
of the boiler steam before it reaches the 
cylinders or as feed-water heaters, and 
which would be available as it stands, 
or with only slight alteration, for the 
simple purpose of superheating the 
mixture of air and steam. 

The writer intends in this article to 
show by actual working figures the 
economies of coal, water, and steam 
consumptions that can be effected by 
this system. 

As originally arranged by the in- 
ventors, the air was not compressed up 
to the steam pressure before mixing 
with the steam, so that no pumps were 
required, the method of working being 
as follows :— 

Air drawn from the engine room was 
forced by a “ Roots” blower, driven by 
the engine, through pipes heated by the 
waste boiler gases and delivered at the 
engine cylinder jackets at a mean pres- 
sure of 1} lbs. per sq. in., with a mean 
temperature of 380° F., which corre- 
sponds to a steam pressure of 180 lbs. 
per sq. in. 

This hot air, raised by the cylinder 
jackets (after a short period of working 
with the mixture of air and steam 
itself) to a higher temperature of about 
550° F., was admitted to the cylinders 
at each end through special automatic 
inlet valves on the covers, the valves 
opening directly the steam commenced 
to exhaust and only closing when 
compression began at the end of the 
stroke. 

Fig. 1 illustrates this early arrange- 
ment on a steam cylinder a, the hollow 
covers b of which carry the automatic 
air-inlet valves ¢, with their light-closing 
springs c, and the air-delivery branches d. 
The steam valves shown, ff, are of the 
Corliss type in this particular case. 

The steam cylinder therefore was at 
each stroke heated by the air to a 
temperature corresponding to a steam 
pressure of between 300 and 400 lbs. 
































per sq. in., which is much in excess of 
any ordinary working steam pressure, 
and a certain volume of highly heated 
and highly compressed air was present 
to mix with the incoming steam. 

The result was, therefore, that with 
the moderate steam pressures usually 
employed the steam when admitted to 
the cylinder not only had no tendency 
to condense but was actually super- 
heated at the moment of its admission 
and during its expansive working. 

We have here, then, a distinct triple 
gain in the ordinary working of a steam 
engine, viz., (1) a complete avoidance of 
the usual and inevitable initial con- 
densation, with consequent loss of both 
initial, expansive, and mean tempera- 
tures and pressures throughout the 
stroke ; (2) a very high degree of super- 
heating of the steam in the cylinder 
itself; (3) a partial substitution and 
economizing of the steam by air. 

The result, as might be expected, was 
that indicator diagrams of unusually 
excellent form were obtained both at 
high and low powers, showing practically 
perfect expansion along the adiabatic 
curve and right down to the atmospheric 
line. Theoretically perfect steam work- 
ing and practical power results were 
thus obtained, as expressed by the low 
coal, water, and steam consumptions, 
and also a very high efficiency as 
represented by the ratio of b.h.p. to 
i.h.p. 
The following results were obtained 
from a series of careful and exhaus- 
tive trials carried out some time ago 
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with a single cylinder non-condensing 
engine :— 


Diameter of cylinder, 19 in. 

Stroke, 3 ft. 

Diameter of flywheel, 16 ft. 

Mean revolutions per minute, 81°7. 

Boiler pressure (mean), 113°5 lbs. per sq. in. 

Mean effective cylinder pressure, 32°02 lbs. 
per sq. in, 

Mean indicated horse power, 136°75. 

Steam consumed per i.h.p. per hour, 
18°6 lbs 

Mean brake horse power, 104°6. 

Steam consumption per b.h.p. per hour, 
24°26 lbs. 

Mechanical efficiency, oat ~_ 

Mean pressure of hot air eaelted to steam 
1°74 lbs. per sq. in 

Mean temperature of hot air entering cylinder 
jacket, 381°6° F. 

Mean temperature of hot air entering cylinder, 
553°6° F. 

Mean temperature of feed water, 59°27° F. 

Mean feed water evaporated &c., per lb. of 
coal, 7°5 lbs. 

Mean feed water evaporated &c., per Ib. of 
coal reduced to 212° F., 8°9 Ibs. 

Mean factor of evaporation, 1 ‘19. 

Mean coal consumed per i.h.p. per hour, 
2°45 lbs 

Mean coal consumed per b.h.p. per hour, 
3°21 lbs. 





76°5 per cent. 


It was estimated that the use of the 
“ Roots”’ blower lowered the mechani- 
cal efficiency of the engine by about 6 
per cent.; but in spite of this a gain or 
saving in steam consumption per i.h.p. 
per hour of 40 per cent. was obtained, 
as the engine had been found to consume 
in its original state, with ordinary steam, 
31 lbs. per ih.p. per hour at full load, 
and was therefore obviously not very 
economical. 
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economies in the working of steam 
power plants dependent on the con- 
sumption of coal or other fue! and water. 

Extensive practical and successful 
working of this aérated steam system 
over some considerable time induced the 
inventors to design a miodified and 
improved method of producing the 
desired results by compressing the air 
in pumps to the working steam pressure 
and forcing the properly estimated quan- 
tity into admixture with the steam in a 
superheater of suitable design and con- 
veniently arranged to intercept the 
exhaust boiler gases, the aérated steam 
being then delivered in the ordinary way 
to the engine cylinders. 

Figs. 2 and 3 illustrate respectively 
suitable arrangements in the case of a 
small self-contained steam power plant, 
and of a larger plant where the boilers 
are separated from the engines and the 
latter are distributed over a large area. 
The non-condensing properties of this 
aérated steam greatly facilitate economy 
of delivery and working in such a 
case. 

Reference has been made above to the 
fact that nothing is lost by compressing 
the air in pumps separate from or com- 
bined with the engine ; on the contrary, 
through the peculiar dynamic qualities 
of compressed hot air and of the aérated 
steam, and from the fact that the air com- 
pression and the working of the engine 
itself are alike effected through the 
agency of this aérated steam mixture, 
there may be said almost to be a con- 


servation of thermal and mechanical 
energy created by the automatic con- 
version of the greatly enhanced thermo- 
dynamic properties of the steam and air 
forces into both net power output, as 
expressed by work done outside the 
engine itself, and gross mechanical effort 
as expended within it. 

We have arrived, in fact, in the ordi- 
nary steam engine, at a very remarkable 
condition of self-generating and self- 
reproductive energy, of which, as 
developed, a very high percentage is 
actually available for conversion into 
net or brake-horse power, very similar to 
the peculiar thermo-dynamic properties 
of the hot air engine. 

The system is quite as applicable to 
locomotives as to other non-condensing 
engines, and for some considerable time 
certain shunting and goods engines fitted 
with the necessary air-pump and super- 
heating arrangements have been in 
working on the North British Railway, 
with the result that trial of the system 
is now being made on one of the latest 
‘* Atlantic” type express passenger 
engines of that line. 

It is hoped that exhaustive brake and 
practical working trials of this engine 
may produce satisfactory results and 
show such economies of steam, water, 
and coal consumptions as will justify 
the claims of the system and its general 
application to locomotive working. 

The results obtained with the shunting 
and goods engines referred to were quite 
satisfactory, and such as to justify the 
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further experiment with the passenger 
engine ; and if in this case those respon- 
sible for the design of the apparatus and 
its application to the locomotive in ques- 
tion and for the necessary trials are 
properly competent to deal with the 
matter, the results should be entirely 
satisfactory in every respect. 

At the present moment the writer 
does not exactly know what has been or 
is about to be done, and no information 
is to be obtained. 

But he would certainly guarantee in 
any locomotive properly equipped with 
the necessary apparatus, as designed or 
approved by the inventors themselves 
and adequately tested in practical work- 
ing, an economy in coal, steam, and 
water consumption of not less than 10 
per cent. ; and under the most satistac- 
tory conditions of continuous working 
such as an express passenger or goods 
locomotive would provide, double this 
amount, and very possibly much more. 

In the case both of certain mill 
engines and of at least one experimental 
locomotive working under every-day 
conditions an economy of upwards of 
20 per cent. in coal consumption has 
actually been realised. 

The figures are not complete for the 
corresponding economies in steam and 
water consumptions, but they may be 
logically assumed to be somewhat in the 
same direct proportion. 

It is much to be regretted that certain 
adverse circumstances which need not 
be discussed here, but which are entirely 
independent of the merits of the “ Field- 
Morris’ system, have so far hindered 
its experimental and practical applica- 
tion in the case of all the locomotive 
systems of this country at least, and 
wherever steam power plants are in use 
and found to be wanting in those 
elements of economy which are almost 
always conspicuously absent. 

The writer believes that any trial of 
this system in the case of any non-con- 
densing steam plant will justify both 
the initial outlay involved, such as it 
may be, and also call for and justify 
its application in practical working 
form. 


As regards its application to con- 
densing engines it has been found that, 
so effective are the heat-conserving and 
condensation-preventing properties of 
this aérated steam, approximately three 
times as much condensing surface and 
water are required as with ordinary 
steam. 

The possibility of effecting high 
economies of steam consumption through 
the excellent expansive properties of 
this aérated steam and consequent use 
of a very high degree of expansion, i.¢., 
an early cut-off on any length of stroke, 
would appear to render condensation 
superfluous. 

And the same considerations point 
obviously todouble- and triple-expansion 
working on the ‘‘ compound”’ system as 
a much more satisfactory method of 
utilising the highest possible percentage 
of the thermo-dynamic properties and 
efficiencies of the steam generated ina 
boiler. It is this particular aspect of 
the system which will commend it for 
purposes of marine engine power. 

The growing cost of coal winning and 
coal consumption alone should persuade 
engineers and steam power users to 
make trial of this means of economising, 
which will thus not only effect an appre- 
ciable and all-round saving of money, 
but also, both directly and indirectly, 
provide a much-needed and wholesome 
check to the curse of unbridled trades- 
unionism which is now rampant, and 
which, together with the equally choking 
restraint of so-called free trade, are 
rapidly reducing the entire industry of 
this country to a dead level of actual 
unprofitableness and eventual bank- 
ruptcy. 

It cannot be denied, as highly com- 
petent scientific and engineering 
authorities who have investigated and 
made experimental and practical trials 
of this “ Field-Morris” system have 
stated, that this discovery and _ its 
ingenious and most effective conversion 
into practical effect constitute a remark- 
able and very creditable development in 
mechanical engineering, 

It will also be generally conceded that 
even so far as scientific engineering has 














successfully progressed up to the present 
time, the known practical methods of 
steam power production and conversion 
leave much to be desired as regards 
economies of every kind. We are, in 
fact, working on very crude lines, and 
reformation in all these matters—coal 
and other fuel consumption, water 
evaporation and steam raising, the con- 
version of the thermo-dynamic proper- 
ties of steam into internal or gross 
mechanical effort, and the reconversion 
of this into net effective power outside 
the steam engine—is insistently neces- 
sary, and must absolutely sooner or 
later find solution. 

The writer believes that this “ Field- 
Morris” system affords even by itself, 
and even in any ordinary type of steam 
engine, but probably in the turbine 
especially, a completely satisfactory 
means of solving the whole complex 
problem of effecting the necessary 
recognised economies in every stage of 
the conversion of the concentrated solar 
thermo-dynamic energy of coal or other 
combustible fuels into the prime force 
which we call steam power. 

It must be remembered that in the 
development and utilisation of this 
prime power, as also of those secondary 
powers such as electricity and com- 
pressed air, any economy that may be 
effected in any single stage of the 
several processes necessarily involved 
reflects itself upon, and allows and 
induces other economies in, all the 
other stages. By increasing the thermo- 
dynamic efficiency of the steam, the 
mechanical efficiency of every part of 
the engine itself is inevitably improved ; 
and improved energy at the output 
itself represents economies in preceding 
stages—less fuel is consumed, less water 
has to be evaporated, less steam is 
required, less wear and tear of boilers, 
less wear and tear of the engine itself 
and of the whole plant, less running and 
maintenance costs, less costs of atten- 
dant labour, and finally, a less expensive 
and a smaller power plant to perform 
the requisite net work. 

Economies such as these, in fact, 
may be effected and actually create 
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themselves in much the same compound 
ratio as those losses which develop and 
create each other, and generally repro- 
duce themselves, in every stage and 
throughout the entire working of what 
we call—on this account—a defective 
power plant. 

In this connection the writer ventures 
to think that electricity, as a secondary 
or tertiary form of energy which is con- 
vertible into mechanical power and 
thence into actual work, is never likely 
to supplant steam and the steam engine, 
becaue the production of electrical power, 
although no doubt it is merely a form 
of converted solar energy, depends en- 
tirely on some prior or prime force such 
as is exerted by steam, wind, or water. 
The limitations of electricity in fact, as 
a motive and mechanical force, are much 
more clearly defined than many persons 
are able or willing to recognise. It is 
essentially not a prime force. 

The writer believes that Nature has 
provided for the use of mankind three 
prime sources of power, each of them 
all-sufficient, in its own particular 
degree, for conversion into mechanical 
energy and work to be achieved thereby. 
These natural prime powers are those 
of the sun as concentrated and con- 
veniently translated into the form of 
coal (and natural oil fuels also, but the 
former more especially); of the air as 
expressed by its movement as wind; 
and of water as represented by the flow 
of rivers and—though hardly yet brought 
into practical service—of the oceans. 

Of these he believes that coal is 
destined to be in all the future, as it has 
been in all the past history of the world’s 
engineering, the most valuable, the most 
accessible, and the cheapest source of 
all power; and water as transformed 
into steam to be the best possible 
medium of converting the potential 
energy of these solar fuels into mechani- 
cal effort and actual work. The potential 
energy of water is obviously inexhausti- 
ble and indestructible, for having been 
converted into steam it reverts inevitably 
and as soon as possible into its original 
state. 

It may perhaps be more accurate to 
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regard water not as naturally possessed 
of potential energy at all, but merely as 
a medium for the conversion of the 
potential solar energy of the coal into 
kinetic or effective energy as represented 
by the vitality of steam; and so it 
undoubtedly is; but yet there remains 
the inherent potentiality of water to 
effect this conversion, and this property 
may therefore perhaps be fitly described 
as potential energy. 

The wit and ingenuity of man are 
slowly but surely awaking to the 
recognition and a practical know- 
ledge of this fact; and though the 
exhaustion of the immense natural 
sources of concentrated solar energy 
which we call coal may to-day be con- 
sidered inevitable and, as it is at present 
used or misused, actually imminent, 
yet the writer believes that in the near 
future some means will have been found, 


76 THE ENGINEERING REVIEW. 


by the instinct of progress and the 
necessity of human existence, to trans- 
form without waste and even perhaps to 
multiply the thermo-dynamic units of 
coal, or of solar energy if we like to so 
express it, into equivalent units of use- 
ful work as created, transformed, and 
effected by mechanical energy. 

If this should be so, then the writer’s 
further belief will have been justified, 
viz., that this and all other natural pro- 
visions of power for the use and benefit 
of mankind are indeed absolutely inex- 
haustible because they are infinite. 

To have contributed to this conser- 
vation of natural energy, even to the 
comparatively minute extent represented 
by the universal use in steam engines 
of this “ Field- Morris ” system of aérated 
steam, is surely an achievement which 
must register itself prominently in 
engineering history. 





The New Charing Cross Station Roof. 


By W. NOBLE TWELVETREES, M.I.Mech,.£., AMIEL. 


N our issue of January, 1906, a 
general description was given of 
the roof built over Charing Cross 
Station by Sir John Hawkshaw, 

and some particulars relative to the 
disaster which overtook that structure 
on December 5th, 1905. 

Our readers will remember that the 
advice given by the late Sir Benjamin 
Baker to the directors of the South 
Eastern Railway Company, after careful 
examination of the damaged roof, was 
that it would be better to remove the 
entire structure, and so provide an 
absolute safeguard against the possi- 
bility of any further collapse as the 
result of flaws that might exist in the 
remaining tie bars. 

From every point of view this advice 
was good. The most important con- 
sideration, of course, was the safety of 
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the public. Another was the necessity 
for securing the confidence of the public, 
who would not be likely to use Charing 
Cross Station if the least doubt existed 
as to the security of the roof over their 
heads. Still another point was the 
desirability of avoiding in future the 
costly periodical examination and repair 
of a huge roof at a great height 
above the ground, and quite inaccessible 
save by means of expensive staging. 
Although the first of these considerations 
doubtless decided the railway company 
to demolish the old roof, it is highly 
probable that the others were not with- 
out influence, and that the company 
were by no means sorry to get rid of the 
heavy responsibility attaching to the 
former structure. 

The wise policy adopted had the 
additional advantage that it gave their 








chief engineer, Mr. Percy C. Tempest, 
an excellent opportunity of designing a 
new roof in accordance with the prin- 
ciples now generally accepted as those 
upon which railway stations ought to be 
covered. The fashion for huge spans 
has at last died out, railway engineers 
and managers being agreed that all the 
conditions necessary for the conduct of 
traffic can be complied with by the 
erection of roofs with comparatively 
small spans favouring the maximum 
admission of light and conducing to 
the rapid emission of smoke and steam— 
two products that are alike unpleasant 
to passengers and destructive to struc- 
tural steelwork. 

Before describing the features of the 
new roof, we may appropriately make 
brief reference to the work of demolish- 
ing the old structure, a task that was 
entrusted to Messrs. A. Handyside & 
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Co., Ltd., of Derby, and carried out 
under the personal direction of Mr. 
Percy C. Tempest, M.Inst.C.E., the 
chief engineer to the South Eastern 
and Chatham Railway. 

The removal of the old roof involved 
the construction of staging on a very 


large scale. Two timber stages were 
built, one for taking down the roof 
covering, and the other for dealing with 
the principals, purlins, and other mem- 
bers of the framework. These stages 
extended from platform level to the 
under side of the principals, and were 
designed so that their use would in no 
way interfere with the conduct of traffic. 
Each of them comprised four towers, 
provided with wheels at the base run- 
ning upon rails carried by 12 in. sq. 
baulks of pitch pine laid on the plat- 
forms. Both of the stages extended 
side to side of the station, but one 





FIG, I.—STAGING FOR DEMOLITION 
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measured only 32 ft. from front to back, 
while the other was 40 ft. deep in the 
same direction. The main towers were 
built of 12 in. sq. timbers with 12 in. 
by 6 in. and lighter timbers for bracing 
purposes. Fig. 1 is reproduced from a 
photographic view taken during the 
demolition of the old roof, and gives a 
very good idea of the principal staging. 
The importance of these temporary 
structures may be gathered from the 
statement that nearly 22,500 cubic ft. of 
timber were used in their construction. 
Steam winches were provided for haul- 
ing the stages from bay to bay of the 
station, an operation that occupied about 
twenty minutes. On the larger of the 
two stages four ‘“‘ Scott’’ cranes were fixed 
and operated by steam winches placed 
in the main supporting towers. 

In taking down the ironwork, the 
method of procedure adopted was to 
lower the purlins by derricks, to cut in 
pieces the main ribs and to lower them 
by the cranes, then to saw the tie bars 
into short lengths and lower them in 
the same way. Railway trucks were 
brought beneath the stages so that the 
old material could be carried away by 
rail. The work of demolition was com- 
pleted during the early part of August, 
1906. Preparations for the erection of 
the new roof were immediately taken in 
hand, and a start was made on actual 
erection of the steelwork at the beginning 
of November. 

The new roof is designed on the ridge 
and furrow principle throughout. It 
includes seven longitudinal ridges, each 
79 ft. 44 ins. long, covering the area used 
for the circulation of passengers next to 
the Charing Cross Hotel, and twelve 
transverse ridges, varying in width from 
35 ft. of in. to 39 ft. 1 in., covering the 
platforms and railway tracks. The total 
length of the new roof is 510 ft. and its 
width 164 ft., the dimensions being the 
same as those of the former structure. 

As the side walls of the station were 
in perfect condition, except for a short 
length where they were injured by the 
collapse of December, 1905, they were 
utilised as supports for the new roof, 
but were cut down as demanded by the 
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new design, and finished at the river 
end by substantial masonry piers. 

Fig. 2 is a part longitudinal section of 
the new station, and Fig. 3 is a trans- 
verse section of the roof over the 
platforms and railway tracks. By these 
drawings it will be seen that the 
southern portion of the roof is carried 
by twelve transverse lattice girders, in 
addition to an extra girder of the same 
type carrying a small portion of the roof 
next to the wind screen. As shown in 
Fig. 2, the last-mentioned girder is con- 
nected with its neighbour by means of 
cross bracing, thus giving ample assur- 
ance of stability. All the transverse 
girders are supported at the ends by the 
side walls of the building, and by two 
intermediate rows of columns situated in 
the platforms. This position for the 
columns obviates the risk inseparable 
from columns placed between the rail- 
way lines, and it should be remarked 
that if the exigencies of future traffic 
should ever demand an altered arrange- 
ment of the platforms there would be 
no difficulty in changing the position of 
the intermediate columns supporting the 
roof girders. 

Reference to Fig. 2 will show that the 
longitudinal spacing of the girder sup- 
ports was governed by the positions of 
the piers in the original brick walls, the 
ends of the girders being carried on new 
stone caps finishing the inner part of 
each pier, which forms a pilaster with 
the height of 23 ft. above platform level. 
The outer part of the brickwork is 
carried up to the eaves and terminated 
by a low parapet wall as represented in 
Fig. 3. 

The column foundations consist of 
blocks of mass concrete, mixed in the 
proportions of one part of Portland 
cement to five parts of Thames ballast, 
and built upon the piers of the brick 
arches forming the substructure of the 
station, each block being 5 ft. square. 

Details of the column construction 
will be found in Fig. 4. The column 
shafts are built up of four 54 in. by $ in. 
flat bars and four rolled sections of 
curved form, these eight bars constitut- 
ing a hollow octagonal column, of which 
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FIG 3.-—CROSS SECTION. 
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four sides are concave. Below platform 
level the lower end of each column is 
finished by an octagonal band of 6 in. 
by 4 in. by in. angle bar rivetted toa 
base plate # in. thick by 3 ft. square, 
but with the corners trimmed off. Four 
stiffening ribs, extending to the height 
of 1 ft. 9g in. above the base plate, are 
rivetted to the outside of the column 
shaft. Each of these ribs is formed of 
two 3 in. by 3 in. by 3} in. angle bars and 
a gusset plate 4 in. thick. The inside of 
each column is further stiffened at the 
base by a central diaphragm consisting 
of two pairs of 3 in. by 2} in. by 4 in. 
angle bars and a piece of 4 in. plate. 

In order to ensure a perfectly true 
joint the bottom of each column was 
planed. The columns were grouted 
down upon the foundations and held in 
position by 1} in. diameter bolts. To 
afford convenient means of ascertaining 
whether the grout had properly spread 
beneath the bases four 3 in. diameter 
holes were drilled in each plate between 
the stiffening ribs. 

Immediately above the extended base, 
a set of four 34 in. by 34 in. by 4 in. 
angle brackets was rivetted to the shaft 
for supporting a hollow cast-iron plinth, 
measuring 4 ft. 3 in. long by 1 ft. g in. 
across, extending to the height of 
3 ft. 6 in. above platform level and 
terminated by moulding. The head of 
each column is similarly finished with a 
neat cast-iron capital. 

The construction of the transverse 
girders is illustrated in Figs. 3 and 4. 
Each of these members is 166 ft. long 
by 5 ft. 6 in. deep by 12 in. wide, with 
the addition of a top plate 14 in. wide. 
The tension boom comprises two 6 in. by 
34 in. by 4 in. angle bars rivetted to a 
12 in. by 4 in. plate, and the compression 
boom two 6 in. by 3} in. by 4 in. angle 
bars rivetted to a 14 in. by 4 in. plate. 
The vertical and diagonal members of 
the bracing are formed of angle and tee 
bars, of which some dimensions are 
given in Fig. 4. The main transverse 
girders were hoisted by the aid of ordi- 
nary tackle during the night time so as 
to avoid any interference with regular 
traffic. 
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As shown in Fig. 3, each transverse 
roof bay is divided into fifteen panels 
by fourteen principals spaced 11 ft. 
apart, centre to centre. The principals 
are of simple construction, and in the 
case of those above the supporting 
columns a curved bar has been added 
which has the effect of increasing the 
rigidity of the construction and of adding 
to the pleasing appearance of the 
work. 

The principals were delivered on the 
site in railway trucks brought along the 
middle line of rails, which was reserved 
for use by the contractors. Each truss 
was then in two parts, so that it could be 
hoisted without causing any obstacle to 
the business of the station. The trusses 
were very readily joined together when 
assembled in position. For the erection 
of the roof proper a simple staging was 
formed by planks laid from girder to 
girder and resting on the bottom booms 
of those members. 

Fig. 5 contains two typical half eleva- 
tions of the roof principals, one repre- 
senting the type of construction over 
the intermediate supports, and the other 
that of the remaining principals. 

At the southern end of the station 
two columns are placed at the distance 
of 7 ft. apart centre to centre, as repre- 
sented in Fig. 2. On these members 
are two transverse girders securely 
braced at each end and at the inter- 
mediate supports, as illustrated in Fig. 6, 
thus forming a very rigid end for the 
roof, and providing for support of the 
small principals which project as canti- 
levers to the extent of 3 ft. 6 in., and 
are finished outside by a steel fascia 
bearing a large shield of hammered steel 
having the arms of the railway company 
in the centre. The shield and its scroll- 
work are particularly handsome, although 
it must be admitted that the effect is 
somewhat marred by the glaring colours 
of the enamelled iron heraldic emblems. 
No doubt the atmosphere of London 
will tone down the brilliancy of the 
colouring before many months have 
elapsed. 

The roof is hipped on each side 
between the outer principals and the 
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main walls of the station, thus contri- 
buting to the admission of light in a 
lateral direction, a feature which was 
notoriously absent from the station in 
its original condition. 

To provide for the ready escape of 
smoke and steam, a lantern has been 
provided along the apex of each trans- 
verse bay. The sides of the lantern are 
open, and the top is covered with uralite 
laid on close boarding. The choice of 
wood as the basis is entirely to be com- 
mended, for while iron and steel are 
seriously affected by the products of 
combustion from locomotive boilers, the 
effect of these empyreumatic products 
is to preserve rather than to destroy 
timber. The side and end slopes of the 
roofs are covered by Mellowes’ patent 
glazing, which has been employed with 
satisfactory results in a large number of 
railway stations throughout the United 
Kingdom. The gutters between the 
various ridges are of cast-iron with the 
ample dimensions of 18 in. wide by 6 in. 
deep, and snow gratings of creosoted 
timber have been provided over the 
guttering. 

As a protection for the steelwork 
immediately above the railway tracks, 
smoke plates, formed of boarding with a 
covering of uralite, are suspended from 
the transverse girders. 

In order to obviate the obstruction 
that would have been caused by inter- 
mediate roof supports in the circulation 
area between the Charing Cross Hotel 
and the platforms, the roof covering 
that portion of the station is carried 
upon longitudinal girders supported at 
one end by the hotel wall and at the 
other by a main transverse girder, in 
turn supported by the side walls of the 
station and by the pair of columns 
affording intermediate support for the 
first transverse roof bay. 

These two columns finish at the same 
height as the top of the transverse girders 
over the platform, thus increasing the 
height beneath the longitudinal girders 
to about 26 ft., and, as shown in Fig. 7, 
permitting the roof principals to be built 
so as to cause no obstruction in front 
of the hotel windows on the first floor. 
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LIDING bearings wear out by abra- 

sion of the carrying surfaces. 

Ball bearings do not give out from 

wear and do not wear. They 

may be ground out by admitting grit, 

but that is as illegitimate a condition 

for ball bearings as it is for sliding 
bearings. 

The only legitimate cause for the 
giving out of ball bearings is the stress- 
ing of their material beyond the limit of 
proportionality. Lightly loaded bear- 
ings can be so designed as to eliminate 
this cause and so insure practical inde- 
structibility. For heavily loaded bearings 
this condition is not realisable within 
practicable dimensions, but the propor- 
tions may be so chosen that the over 
stressing does not result in breakdown 
within the lifetime of any mechanism to 
which the ball bearing is applied. 

A knowledge of the elastic qualities of 
the materials at the hardness under 
which they are used is imperative. It 
being the elastic behaviour that is impor- 
tant with ball bearings as with all other 
engineering structures, tests of balls, 
such as are commonly made to determine 
ultimate rupture when pressed into a 
steel plate and using the depth of 
indentation of the plate or load at which 
rupture occurs as a measure of ball 
quality, are not only of no value, but 
are misleading. 

The quality of balls and of ball races 
must be determined from their behaviour 
under loads in the neighbourhood of the 
elastic limit. Balls may be subjected to 
loads increasing as the shape of the 
supporting surface more nearly becomes 
complemental to that of the ball. A 





* Very little information is to be found in the usual 
engineering pocket books on the subject of ball and roller 
bearings. Some time ago Prof. Stribeck unde:took an 
investigation into the subject for the German Small Arms 
and Ammunition Co. of Berlin, with the result that many 
useful data were developed. The full report, of whic 
this article is a resumé, has been translated for the 
American Institute of Mechanical Engineers by Mr. H. 
Hess, M.A.I.Mech.E., and is published mm Vol. 28, No. 10, 
of that society's proceedings. 


ball running between races having a 
flat or straight line cross section will not 
support as great a load as though the 
section were that ofa curvilinear groove. 
Such groove naturally must never have 
a curvature equaling that of the ball, 
since that would substitute sliding for 
rolling contact. 

The frictional resistance of a ball 
bearing is lower, the less the number of 
balls. Usually bearings can be designed 
to have between 10 and 20 balls. For 
that, with 

P,, = total load on a bearing consisting 

of one row of balls ; 

P, = greatest load on one ball ; 

z = number of balls; 

P,=2P,  (Stribeck’s Equation 11) 
The load carrying capacity of a ball is 

P, = ka? 
in which 

d =the ball diameter, 
k=constant dependent upon the 
material and the shape of the 
ball supporting surface 
From Equation 11 


Zz 


P, = Py - 
5 


substituting for P, from 
= kd? 


my Yt. 


As balls are usually made to English 
inches it is convenient to take the one- 
eighth of an inch as unity. 

The following table gives combination 
values of & for different cross sections of 
ball race and for the materials used in 
the first ball bearings tried out and also 
for the improved steel alloys used later. 

These constants give P, in kg. 

If the cm. is preferred as the unit for 
the ball diameter, then the tabular values 





BALL BEARINGS. 87 


for k are to be multiplied by 10, or more 
accurately 9.92. 


SHAPE OF RACES —> 


k for older materials . 3to5°0 3to5°0 Io 
k for improved materials. 5to7°5 5to7°5 15 


Speed of rotation, in so far as it is 
uniform, does not affect carrying capacity. 
(This applies to radial bearings, but not 
to thrust bearings of the collar type; in 
these the carrying capacity decreases 
with increase of speed.) 

But speed 1s rarely uniform ; variations 
cut down the carrying capacity; sharp 
variations of small amplitude, particu- 
larly at high speed, have the more 
marked effect. Their reducing action is 
similar to the battering effect of sharp 
load variations. 

Load variations reduce carrying 
capacity, the effect increasing with the 
amount of the load change and the 
rapidity of such change. 

Accumulated experience with various 
classes of mechanisms is so far the only 
available guide for estimating the reduc- 
tions in the constants # that must be 
made to take these influences into 
account. 

The carrying capacity of a complete 
bearing is no greater than that of the 
weakest cross section that comes under 
the load. This applies to all those 
forms which have curved race sections 
of maximum sustaining capacity, except 
at a point where an opening is cut to 
permit the introduction of the balls; 
such bearings are, as to load carrying 
capacity, governed by the weaker cross- 
section at that point. 

The calculated carrying capacity can 
be realised only if all balls sustain their 
share of the load. It is obvious enough 
that if a ball is smaller than those on 
either side of it, it will not carry its 
share of the load; should it be larger it 
will carry more than its share and may 
be overloaded. Uniformity of ball 
diameter is essential. The permissible 
variation in ball diameter will be 
governed by the deformation produced 
by a relatively small part of the total 
bearing load, so that the balance of the 
load may be distributed over the several 


balls. Such permissible variations of 
ball diameters amounts to but little 
more than one ten-thousandth part of an 
inch. 

High finish of both ball and _ball- 
sustaining surfaces is essential. The 
presence of grinding scratches will very 
materially cut down the cited values of 
the constant &. Of course this pre- 
supposes true surfaces underlying the 
high polish. It follows from this require- 
ment that rust and acid must be carefully 
avoided, as they are destructive of finish 
and truth of shape. 

It may not be amiss to point out that 
uniformity of quality of material, of 
hardness and of structure throughout 
are essential. The mischief of using 
balls having different values of / is not 
simply confined to the individual ball ; 
if, for instance, one ball were materially 
harder and so deformed less than its 
mates, it would take more load, and 
might therefore overload the material of 
the race, which would yet be entirely 
suitable under a division of the bearing 
load among a larger number of balls. 

The frictional resistances of ball bear- 
ings have, by actual measurement, been 
found to vary from o*001I to 0°0095. 
These are the coefficients of friction 
referred to the shaft diameter, thus per- 
mitting direct comnarison with those of 
sliding friction. The higher values are 
due to conditions that cause a prepon- 
derance of sliding as compared with 
roller friction. It must be remembered 
that there is no such thing as a bearing 
having only rolling friction; that might 
be possible were balls and races made 
originally with absolute truth of surfaces 
and were such truth then maintained by 
the absence of deformation under load. 
Ball bearings having a coefficient of 
friction materially above o-oo15 under 
the greatest allowable load are inadmis- 
sible because too shortlived. The high 
resistance indicates the presence of too 
large an element of sliding. 

A good ball bearing will have a 
coefficient of friction, independent of the 
speed within wide limits, and approxi- 
mating o'0015. This coefficient will 
rise to approximately o°0030 under a 

C2 
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reduction of the load to about one-tenth 
of the maximum. 

Materials——The prohibition against 
overloading demands recognition of 
the characteristics of the bearing 
materials. 

Any material may be used that will 
not, under the working load, be so 
deformed as to prevent pure rolling. 
That means an absolutely inelastic 
material and one which unfortunately 
is, and more than probably will remain, 
undiscovered. But a slight narrowing 
is admissible to make the demand read : 
Any material may be used that will not, 
under the working load, deflect enough 
to prevent substantial rolling. That 
recognises that all materials deform 
under load. Such deformation means 
change of shape from the original truth 
and that in turn will cause some sliding 
combined with rolling ; the sliding must 
be held down to the irreducible mini- 


mum. 
Any material may be used that will 


not, under the working load, be stressed 
beyond its elastic limit ; that is a limita- 
tion which is possible of attainment. 

The tooth of time would be worn out 
against such a bearing. Its design is 
entirely practicable for light work, but 
for the heavier loads, the requirement 
would lead to, usually, impractical 
dimensions. 

Fortunately, ball bearings are satisfac- 
tory if they last as long as their asso- 
ciated mechanisms. The requirement 
may therefore be modified to read: Any 
material may be used that will not, 
under the working load, be stressed 
sufficiently beyond the proportional 
limit, to bring about its destruction 
before the lapse of a desired working 
life. 

These conditions permit the use ot 
practically all of the materials known 
to mechanical engineering. With very 
few exceptions, however, the load con- 
ditions are such as to demand steels of 
the highest grades and these most care- 
fully tempered. For automobile use, 
no others can be considered. That puts 
out of the running ail merely case 
hardened materials. In these there is 


always a more or less sharply-defined 
change of structure at some distance 
below the surface. Continued working 
will cause a loosening of the hard shell 
from the softer core, soon followed by a 
breaking up and very characteristic 
flaking of the surface. Usually this 
flaking is local; its action is increasingly 
progressive, soon involving the entire 
bearing. 

What has been said of case hardened 
materials holds true also for those 
carbon steels in which the hardening is 
not carried substantially and equally 
thrcugh the entire mass. 

What is true and required of the ball 
materials is even more so for the races. 
With time the ball presents its entire 
surface to the load, the small vibrations 
and changes of load being sufficient to 
frequently bring in a new axis of rota- 
tion. Not so the race; that is fixed 
and so always exposes the same surface 
element to the load attack. 

The requirements of a good ball are: 

(a) Truth of shape and size. The 
permissible limit of error will vary with 
the character of the material. In 
general, the better the latter, that is to 
say the smaller its deformation under a 
given load, the more accurate must the 
ball be. It is evident that, were a ball 
so much larger than its fellows as not to 
deform sufficiently under its share of the 
load to permit the others to carry, that 
it would then not only itself have to 
carry more than intended, but would 
also transmit more than intended to the 
supporting surfaces of the races. If, on 
the other hand, the ball were smaller 
than its mates, it would be under-loaded 
or not loaded at all, and the others cor- 
respondingly overloaded. What has 
been said of variations in ball size, of 
course, applies similarly to variations 
from truth of outline. 

All requirements will be met if the 
balls are true to shape within one ten- 
thousandth part of an inch and if all of 
the balls used in each individual bearing 
have a similarly small error in size. It 
must not be inferred that for materials 
of lower grade larger inaccuracies are 
permissible. Were the load distribution 
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the only factor, that conclusion might be 
justified . greater inaccuracy of size 
means greater deformation and there- 
fore greater departure from sphericity 
and the substitution of too great a per- 
centage of sliding for the rolling aimed 
at. Considerable initial variations from 
truth of shape have precisely similar 
results. 

(b) Surface finish to a very high 
degree is also essential. What is usually 
considered a very good finish indeed 
may be characterised as totally inade- 
quate. The recognition of grinding or 
polishing marks, not only by the bare 
eye but with an ordinary pocket reading 
lens, condemns balls utterly ; this is true 
of a bearing having long life under high 
loads and speeds. Oft repeated endur- 
ance runs under conditions where the 
finish was the only variable have abun- 
dantly proved this, at first unsuspected, 
fact. This was discovered while inves- 
tigating an apparently inexplicable 
difference in lasting qualities. As life is 
too short for a try out under normal 
loads, overloads were resorted to; they 
demonstrated conclusively that the 
higher the finish, the better the endur- 
ance. The high finish must not be of 
the Brummagem or Reulaux’s “‘ cheap 
but nasty” variety. 

(c) The elastic limit should be as high 
as can be had. A limit of proportion- 
ality above the elastic limit is desirable. 

(d) The hardness and uniformity of 
hardness throughout the mass of the 
ball to the highest attainable degree is 
essential. 

(e) Correct knowledge and uniformity 
are more important than even these 
requirements of high elastic limit and 
hardness. It will not do to say that, 
though some balls of a lot may do better 
than others, the design may be based on 
the poorer ones. That would result in 
the better balls carrying more than their 
share of the load, much as and with the 
same bad effects described while con- 
sidering truth of shape and size. Lower 
quality, provided it is uniform, can be 
allowed for. It will then merely affect 
dimensions. 

Ball making machinery has arrived 


at a very considerable state of perfec- 
tion; but balls within a limit of one 
ten-thousandth of an intended size are 
not yet being made without the sacri- 
fice of other qualities. That is, however, 
not important beyond having some slight 
bearing on cost, since it is perfectly 
feasible to select and grade balls within 
the desired limit; but the hardware 
dealer’s word for uniformity of size is 
not a safe guide; he is perfectly honest 
in throwing odd lots of 2 inch balls into 
one box and in thinking the customer 
who objects because they vary a half- 
thousandth, or even two, a “finicky 
crank.” 

Various Type Characteristics.—In the 
automobile, as in all other mechanisms, 
the journals deal with loads having 
various directions. In the order of 
their occurrence and importance they 
are: Radial loads—acting at right 
angles to the shaft axis ; Thrust loads— 
acting parallel to the shaft axis; Angu- 
lar loads—these may always be resolved 
into, or considered as made up of radial 
and thrust components. 

Radial Bearings.—Other things being 
equal, it is always best to arrange sus- 
taining surfaces at right angles to the 
load direction. That gives the design 
of Fig. 1. Better carrying capacity is 
had from the modification in Fig. 2, in 
which races of curved cross-section are 
substituted for the straight line ones of 
Fig. 1. These grooved races have the 
advantage ot greater sustaining capacity ; 
as the tangent to the curve is normal to 
the direction of the radial load, the bear- 
ing is of the radial type. 

The sustaining capacity of the bearing 
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is dependent on the degree of curvature 
of the race cross section, being greater 
as the latter more nearly approaches 
equality with the ball curvature. 
Cutting a local groove from the side 
into a race for the purpose of assembling 
the balls between the two races is general 
(Fig. 3), but it is not good practice. 
If such a cut is confined to one race 
which is then so held in the mounting as 
always to keep the opening at the un- 
loaded side of the journal, this is at 
least defensible practice. The carrying 
capacity is then not decreased as the load 
is carried by cross sections of maximum 
sustaining ability. Unfortunately, this 
demands the use of two differing designs ; 
the one with the cut in the outer race, 
the other with that placed in the inner 
race, according as the shaft or the hous- 
ing rotates; the first case is the usual 








one of an ordinary journal; the second 
is found in wheel-hubs, &c. That 
occasional arrangement in which both 
hub and shaft rotate cannot be taken 
care of by this design. 

It may be said here that high loads 
are dealt with. So long as the loadsare 
low enough to be within the sustaining 
capacity of the straight line cross 
section, such local straight section at 
the filling opening is of no moment. At 
high speeds this does not hold true, since 
then the catching of the balls at the 
junction of the filling, opening with the 
race, results in damage to the balls and, 
through these, to the race surfaces. 

With the cut in both races the carry- 
ing capacity is reduced to that of the 
straight line section at the side of the cut, 
since one or the other cut must come 
under the load in each revolution. 
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Thrust Bearings. — The requirement 
that the sustaining surfaces should be 
at right angles to the direction of the load 
is responded to by the collar type of 
Fig. 4. 

What has just been said of the cross 
sectional shape of the race surfaces in 
their relation to carrying capacity in 
radial bearings applies here also to the 
thrusts. Since the two races and the 
ball series do not form a unity handling 
as one piece, the need of a filling opening 
for the balls from the side does not arise. 
These bearings are frequently made with 
the surfaces A and B parallel. Provided 
such parallelism is secured, the design 
is good. Practically it is not realisable, 
since also similar parallelism between 
the collar of the shaft and the seat of the 
housing, though possible of initial attain - 
ment, cannot be maintained under the 
slight deflections due to the load. It 
must be borne in mind that initial errors 
in workmanship or deflections of a 
thousandth of an inch will cause the 
balls at one side to carry the entire 
load. Fora given case this demands a 
bearing of needless size. By seating the 
one plate on a spherical surface, as B, 
this plate adjusts itself in such wise as 
to distribute the load over the entire 
number of balls. 

Speed very decidedly enters into the 
carrying capacity of this type of bearing 
as a factor; so much so in fact as to 
greatly reduce its utility for speeds above 
1,500 revolutions per minute. 

Angular Load Bearings.—Of these there 
are shapes and modifications innumer- 
able. Figs. 5—8 may be taken as 
typical and representing two, three, and 
four point contacts. In order to secure 
rolling, the contact points of balls and 
races should form points of a cone of 
rotation, whose apex lies in the centre 
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line of the shaft, or they may form points 
on the surface of an imaginary cylin- 
drical roller that is parallel to the shaft. 
The defect in all of these forms is their 
adjustable feature. This places them 
absolutely at the mercy of every one 
capable of wielding a wrench, a bearing 
that has properly been proportioned with 
a reference to a certain load, will be 
enormously overloaded by a little extra 
effort applied to the wrench. Or the 
bearing may be adjusted with too much 
slack with consequent rattle and early 
demise. The prevalent idea that these 
bearings may be adjusted to compensate 
for wear is erroneous. Wear will form 
a groove on the loaded side of the race, 
deepest at the point of maximum load, 
about as in Fig. g. 

It is obvious that adjusting the cone 
endwise will only cause the balls to be 
more tightly pinched between the sound 
portions of the races, probably with 
sufficient pressure to overload ; that will 
then cause an early flaking out, as shown 
at A in Fig. 10. These rough surfaces 
will quickly attack the balls and, pro- 
gressively, the entire race. 

The annular non-adjustable type of 
bearing will always, other things being 
equal, perforce, have the important 
advantage of immunity from overload by 
maladjustment, no means for adjust- 
ment being provided. 

Theoretically it would seem that the 
radial bearing would be incapable of 
carrying thrust load, owing to the 
wedging of the ball between the races. 
Fig. 11 shows the condition with the 
ball absolutely filling the space between 
the races. Fig. 12 shows the ball not 
quite filling this space. Fig. 13 shows 
the condition of Fig. 12 under the influ- 
ence of a thrust load. The ball does 
not come in contact with the race 
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grooves where these are deepest, 
but on one side, so that the tangent to 
the race curvature at the contact point 
forms an angle with the line of thrust. 
For Fig. 11 this angle would be infi- 
nitely small and the wedging action 
considerable. A calculation of the 
amount of the wedging action for Figs. 
12 and 13 with the radial freedom per- 
missible in the bearings, still indicates 
an inadvisably large amount of wedging. 
But actual running tests as well as a 
large fund of accumulated experience 
have absolutely proved that these bear- 
ings will carry much more thrust load 


than the calculation of the theoretical 
wedge angle indicates as possible. It is 
probable that the deformation which 
we know occurs at the point of ball 
contact and that results in small actual 
surface areas of contact instead of mere 
points, has a mean tangent to such 
compression surface of greater inclina- 
tion, and that the wedge is therefore 
more blunt. 

It has been experimentally determined 
that the thrust carrying capacity of the 
uninterrupted type of an annular bear- 
ing is to the radial capacity as ,',; to + 
to 1, depending upon the relation of 
ball diameter, race curvature, and 
number of balls. It has also been ex- 
perimentally found and confirmed by 
experience that speed has very slight 
influence on this thrust carrrying 
capacity. For speeds above 1,500 revo- 
lutions per min. these radial bearings 
of the uninterrupted race type are more 
efficient thrust carriers than the collar 
type. 

This is characteristic, however, only 
of the uninterrupted radial type. Those 

forms in which the 
balls are filled in 
through an opening 
in the side, Fig. 14, 
may manifestly not 
be subject to end 
thrust, as that 
would cause the 
forcing of the balls 
into interruption 
and their destruc- 
tive pinching. 

It is held by many designers of ball 
and roller bearings, and others as well, 
that in such bearings adjacent balls or 
rollers are pressed against one another 
with considerable force. With the 
inner race of Fig. 15 rotating as indi- 
cated, the balls or rollers will also roll 
as indicated. The surfaces of the balls 
or rollers roll in opposite directions, and 
therefore with sliding friction. This is 
assumed to be a serious defect by those 
who reason that these surfaces contact 
under pressure. The same general cure 
in forms innumerable, has served to 
glut the records of our and various 





















other patent offices. This cure (see 
Fig. 16) consists in the provision of 
smaller balls or rollers interposed 
between the larger ones so that all con- 
tacting surfaces roll relatively to one 
another. The remedy is, however, 
fallacious, in that it brings about the 
very condition it seeks to avoid. If 
two large balls (Fig. 17), compress a 
smaller one between them and the three 
have their centres connected by a 
straight line, they will retain the rela- 
tive positions. If, however, the inter- 
posed roller or ball (Fig. 18) has its 
centre to one side, then this roller or 
ball will be forced outward. The resort 
to a cage for retaining the interposed 
roller or ball results in the latter being 
pressed against the sides of the cage 
and in the forcible sliding contact that 
it was intended to avoid. 

In another design (Fig. 19) the inter- 
posed member is brought into contact 
with the race. Following out the direc- 
tions of rotation shows that the various 
rollers or balls are in rolling contact, but 
that the interposed member has the 
wrong direction with reference to the 
race against which it is forced. 

These designs are all based on a 
failure to recognise an axiom in 
mechanics, according to which a force, 
whose direction is normal to the sup- 
porting surface, has no component in 
any other direction. 

If a loaded plank (Fig. 20) is carried 
on two rollers, and plank and ground 
are parallel, the rollers will neither 
approach to nor recede from one another. 
If the plank is not parallel to the ground, 
but bent down between the rollers 
(Fig. 21) the rollers will be forced apart. 
If the plank were oppositely curved up- 
ward, the rollers would be forced toward 
one another. 

As parallelism is concentricity with an 
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infinite radius of curvature, the parallel 
plank and ground may be regarded as 
elements of a roller bearing of infinite 
diameter. A mere change in diameter, 
while retaining the concentricity of the 
two races, does not alter the conditions, 
from which it follows that the load carried 
bya ball or roller does not press the balls 
or rollers against one another. 

This may be considered in another 
way. With theshaft of Fig. 22 loading 
the inner race the latter is (fallaciously) 
assumed to act as a wedge, forcing the 
balls at the bottom apart and conse- 
quently producing pressure between the 
balls at the top. In that case the space 6 











FIG, 20, 
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must be rather smaller than a ball dia- 
meter d. The rotation ofthe inner race 
carries the balls round the bearing ; 
the diameter d is therefore forced through 
the smaller space 6. To do this the 
ball must lift the inner race. The force 
to dothis is imparted by the load, and is 
equal to the rolling friction, and can 


therefore amount to but a fraction of 


that load. We would then have the 
absurd condition of this smaller force 
overcoming the larger original force. 
Were we to assume that the inner race 
is not raised by the ball in passing, but 
that the ball compresses sufficiently to 
get through, it would mean that the 
absurdity of the small force represented 
by the rolling friction was sufficient so 
to deform the ball or roller. 

If a vertically loaded bearing, which 
is not quite filled as Fig. 23, be rotated 
slowly enough for observation it will be 
found that the balls are separated near 
the top and slightly forward of the verti- 
cal in the direction of the rotation, and 
that the balls, under the influence of 
their weight, drop through this gap with 
a slight click: this click is familiar 
enough to those who have not yet 
entirely forgotten the days when their 
noses cultivated the intimate acquaint- 
ance of their bicycle handle-bars. It is 
this click which is responsible for the 
high note of the high speed ball bearing 
of that type in which the races are filled 
with balls. 

I may seem to have dwelt unneces- 
sarily long on this fallacy of ball and 


roller bearing design; its suprising 
prevalence must be my excuse. 

Correct Ball Bearing Mounting.—Ball 
bearings do not differ from other ele- 
ments of mechanism, in that they must 
be used in conformity with their 
individual characteristics. 

Some of the directions for correct 
mounting that are here cited must be 
absolutely adhered to under penalty of 
failure. These are given in a, b, c, d 
ande. To follow the others will be safe 
engineering; they are frequently dis- 
regarded, but such disregard is a 
standing invitation to trouble. 

A strict adherence to all of the direc- 
tions—and they are neither many nor 
troublesome—will result in a reliability 
as near to absolute as even the most 
exacting can expect, a reliability far 
beyond that of any other form of 
journal, and such reliabilityis gained with 
the advantages of a practical absence of 
friction, small space occupied, and the 
minimum of attendance. Surely these 
are advantages enough to make a care- 
ful study and following of the directions 
worth while. 


(a) The proper size selection for the load must be 
made, Rated capacities are usually for steady 
loads and speeds. Variations from these con- 
ditions demand recognition by asuitable cutting 
down of the listed capacity. 

(b) Bearings must be lubricated. The oft re- 
peated statement that ball bearings can be run 
without lubricant is pernicious. 

(c) Bearings must be kept free of grit, moisture 
and acid. This prohibits the use of lubricants 
that contain or develop free acids. Itis entirely 
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practicable, by very simple means, to respond 
to b and ¢. 

(ad) The inner race must be firmly secured to the 
shaft. It is best to do so by a light drive fit, 
re-enforced by binding between a substantial 
shoulder and a nut. 

(¢) The outer race must be a slip fit in its seat. 

(f) Thrust ought always to be taken up, whether 
in one or opposite directions, by the same bearing. 
That avoids all strains due to flexure of the 
shaft or of the housing or due to temperature 
variation and, while doing away with the con- 
siderable shop costs inseparable from correct 
lengthwise dimensioning, avoids the danger of 
excessive end loads from forcible assembly 
consequent on an inaccurate lengthwise location 
of parts. 

(g) Bearings should never be dismembered, or at 
least never more than one at atime; that will 
avoid the danger of mixing balls from different 
bearings; such ballsfrom different bearings are 
apt to vary more than is permissible for the 
individual bearing. 


Illustrations of Correct Mountings.—The 
ball bearing in its application to heavy 
work and serious engineering is of so 
recent a development that really very 
little information as to correct mounting 
arrangements for the various conditions 
that arise in practice is generally avail- 


able. My experience has been that 
faulty mountings are so general that it 
is desirable to give elementary illustra- 
tions rather more in detail than would 
be considered necessary for a more 
familiar mechanical element. 

Fig. 24. The inner race is a light 
driving fit on the shaft, and is securely 
clamped between a shoulder on the shaft 
andanut. As the edges of the bearing 
races are rounded, the shaft shoulder 
should be high enough to get a firm 
grip on the side surfaces; about half as 
high as the race thickness—rather less 
for larger bearings, rather more for 
smaller bearings—is good practice. 

The outer race is a sucking fit in the 
housing, so that the bearing as a whole 
can respond to relative shifting of the 
shaft and housing without being sub- 
jected to an uncontemplated end thrust 
through the balls. 

Also for thrust load in either direction. 
Never more than one bearing should 
thus be held endwise as to its outer race. 
This differs from the preceding mount- 
ing only in having the outer race also 
secured between shoulders. Frequently, 


as in electric motors, some float of the 
shaft is wanted; a corresponding clear- 
ance between these outer shoulders and 
the race is then provided. This arrange- 
ment and the preceding one are usually 
found combined on the same shaft, 
which is then held endwise at one point 
only, so that temperature changes, or 
deflections of shaft or of bearing can 
cause no cramping. This mounting 
will take end-thrust also, and in oppo- 
site directions. It is very frequently 
useful where it is desirable to take both 
thrust and radial load on one bearing. 

It is occasionally desirable to take 
thrust load on bearings of the radial 
type, while the space available does not 
permit of a single radial bearing of suffi- 
cient diameter to take both loads. A 
second may then be mounted that it is 
entirely free circumferentially, and so 
cannot be loaded radially. 

Fig. 27. The stationary race is pro- 
vided with a spherical seat so that it will 
distribute the load over the complete 
ball circle. 

In order to permit compensating 
shifting, the fixed plate must be radially 
free of the shaft and of the housing. 
The shaft shoulder should reach high 
enough not to subject the rotating race 
to bending strains tending to dish it. 
Where it is inconvenient to provide a 
sufficient shoulder on the shaft, it is 
advisable to inset a suitable washer, as 
shown in the modification, Fig. 28. 

Fig. 29. This is simply a doubling of 
the preceding unit to provide for the 
reverse thrust. 

Fig. 30. This arrangement econo- 
mises in room, in cost of bearings and 
in number of parts. 

While the shaft shoulder a and the 
housing abutment b are in intimate 
contact with the races due to the trans- 
mission of the thrust loads, the other 
abutment 0’ and the shaft nut a’ are 
not under pressure, and are slightly 
relieved by the spring of the parts, so 
that the lubricant can get between the 
surfaces. Reversal of the thrust will 
bring the erstwhile free shoulders into 
contact under load and clear the others. 

Fig. 31. This combination is an 
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obvious one, not differing in principle 
of the mount from those already shown. 

Fig. 32. This is an obvious extension 
of the preceding arrangement in accord 
with the intended function. Attention 
may be drawn to the distance piece for 
transferring a binding thrust to the 
inner race of the radial bearing. 

Fig. 33. It is occasionally inconvenient 
so to arrange an assemblage of parts 
that the inner races can be clamped to 
the shaft, or it is desirable to have a 
shaft slide through it. The peening 
effect of vibratory loads concentrated on 
so narrow a zone of the shaft as the race 
width would cause the cutting down of 
the shaft. Introducing a sleeve, on 
which the inner race of the bearing 
is firmly clamped endwise, gives a 
sufficiently long surface between sleeve 
and shaft. 

The bearing is tapered as to bore. 
Driving the split bush in will clamp both 
bearing and shaft, and compensate for 
such size variations as are usually found 
in shafting. The nut must not be used 
to draw the bush in, but merely as a lock 
to hold it after it is driven home with a 
soft hammer. 

Fig. 35. It is necessary so to enclose 
a ball bearing that the lubricant will not 
be lost by leakage, and that foreign 
matter will be excluded. This shows 
one way that has been found efficient. 
Where a shaft terminates in a bearing, 
the outer end is best closed in completely 
by a suitable cover. Where the shaft 
passes out, a flange should be brought 
down to the shaft and bored out not 
Over 0°02 in. in diameter larger than the 
shaft; this flange should be separated 
into two lips by an angular groove 
which may be either cored or bored, as 
may be convenient. The lips should 
not be less than 4 in. wide, and should 
have sharp edges ; rounding them over 
will defeat their object. 

The groove should be provided with 
a hole or narrow slot at its lowest point 
to communicate with the bearing oil 
space. For a rotating frame—as a 
vehicle hub—several such drains should 
be distributed round the groove. The 
groove should have a width of not less 


than ,*, in. and a depth of about ,5; to 
8in. Filling the groove with a packing 
material will destroy its object just as 
soon as the packing has worn sufficiently 
to hug the shaft no longer. This 
arrangement does away with the neces- 
sity of all spraying rings, grooves, 
collars, pockets, and similar devices 
now much used on electrical machinery. 
It fails of its object with any type of 
bearing subject to radial wear, as that 
will increase the small clearance between 
the shaft and lips. 

Fig. 36. This differs from the previous 
closure only in the provision of a second 
groove and third lip. The arrangement 
is employed where water is occasionally 
encountered, and will prevent its 
entrance. What little may find its way 
past the outer lip into the outer groove 
is soon drained out of that again through 
the holes provided. 

Fig. 37. Where much impalpable grit 
is present, as in emery and other grind- 
ing machinery, a packing that actually 
hugs the shaft is necessary. Filling the 
outer groove with a fairly consistent 
grease will provide such a packing with- 
out introducing friction. A grease cup 
of the spring loaded piston type will 
automatically maintain the integrity of 
this packing. Its use entails some 
attention to the proper balance of grease 
consistency and spring pressure, under 
the extremes of temperature likely to 
be encountered. A manually-adjusted 
grease cup is less delicate, but must 
occasionally be given a turn. 

Fig. 38. Some prefer a felt ring 
packing. They will find that to soak 
such ring in good soft paraffin, and then 
pass a split spring wire ring round it, 
will force the outer edges of the washer 
outward to more intimate contact, and 
cause the bore to hug the shaft, even as 
the ring wears. The action will be im- 
proved if the ring is not stamped out as 
a washer, but laid up from a strip with 
the ends scarfed; that will permit it to 
close up more firmly under the constraint 
of the encircling spring. 

Fig. 39. Instead of having the felt 
ring hug the shaft, it is tapered on one 
or both sides; the seal is then made 
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entirely against the sides of the similarly 
shaped hub and boss. 

Fig. 40. Whereas the two closures 
last shown were for insertion between 
the faces of a stationary boss and 
and rotating hub, this modification is 
closed entirely within the one or the 
other. The felt ring is set into a counter 
bore, and held in place by a light metal 
cap that is sprung into place. 

Particularly with machinery that is 
subject to vibration it is necessary to 
lock firmly the nut that clamps the inner 
race. It is unsafe to rely on any form 
of a threaded lock ; that also is likely to 
jar loose. Castellated nuts, &c., are 
unsightly and only permissible at the 


end of a shaft. The arrangement 
recommended consists of a split wire 
ring that is sprung into a groove turned 
circumferentially into the nut. A pin 
dropped into a hole drilled through the 
nut and partly into the shaft will be 
prevented from falling out by this guard 
ring. To permit of easily getting the 
pin out it is sometimes allowed to project 
and the ring is passed through a hole 
near the outer end of the pin. Not in- 
frequently pin and ring are combined by 
bending the end of the ring over to act 
as the pin. The same arrangement is 
useful also when the nut is threaded on 
the outside to lock the outer race of a 
ball bearing, as shown. 
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Compound Light 
Locomotive. 


A type of light locomotive which is 
rapidly growing in favour in connection 
with mines, quarries, dockyards, brickfields, 
railway and other works is that depicted in 
the accompanying half-tone figures. In 
reality it is a familiar engine in a new 
guise, being no more or less than one of 
Messrs. Aveling and Porter’s ordinary type 
compound road locomotives mounted upon 
special wheels for rails and fitted with fore 
and aft buffers and a cab. Thus arranged 
it forms a simple and very efficient engine 
and well adapted for the varying duties 
involved in yard and contractors’ work. 
For example, it will ascend inclines of 1 in 
20, negotiate curves of 35 ft. radius, and 
can be used as a semi-fixed engine for driv- 
ing fixed machinery by means of the 
fly-wheel which is carried on the crank 
shaft. 

The cylinders and entire working parts of 
the engine are mounted on the boiler top 
within view of the driver, motion from the 
crank shaft being transmitted to the road 
wheels through gearing arranged as shown 
in Fig. 1. 


The running wheels, which are fitted 
with steel tyres, are connected through 
journal extensions, as shown, by a stationary 
rod, which at first glance might be mistaken 
for an ordinary coupling rod. 

The bearings of the driving axle, crank 
and counter shafts are all carried by the 
side-plate brackets, and the gearing itself, 
together with the general working parts, 
resemble as much as possible those of an 
ordinary road locomotive. 

The locomotives are made in various 
sizes to work on a line of 3 ft. 6 in. gauge 
and upwards, and can be supplied to work 
either simple expansion or compound, and 
with or without a cab, as desired. 


Rail Corrugation. 

The phenomenon of rail corrugation, 
described more generally as ‘“ roaring” 
rails, by reason of the noise set up during 
the passage of a train over rails so affected, 
has received the attention of several inves- 
tigators of late, but their explanations of 
the causes of these singular inequalities 
have been various and by no means 
definite. 
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A research carried out on the North- 
Eastern Railway, extending over fourteen 
years, an account of which is given by 
Engineering, appears to throw more light on 
the subject, although the observations made 
render the drawing of definite conclusions 
a matter of some difficulty owing to the 
variety of possible causes indicated. 

One view which seems to be fairly well 
established is that inequalities in the rail 
surface may be set up by the vibration due 
to the passage of the wheels and an effect 
analogous to that of ‘‘ chattering” familiar 
in the lathe, and this action is more particu- 


larly noticeable on falling gradients with the 
engine coasting. 

Special track conditions, such as hard or 
soft ballasting, straight.or curved lines, do 
not appear to influence the result, and rails 
of varying composition even were found to 
develop the phenomenon indiscriminately ; 
in fact in some rails corrugations developed 
in one half the length and not in the other. 
One of the most singular facts recorded is 
that when some of the corrugated rails were 
removed from main line service and relaid 
in a siding the corrugations disappeared 
after about eight months. 


FIGS. I AND 2.—LIGHT COMPOUND LOCOMOTIVE BY MESSRS, AVELING AND PORTER, LTD. ROCHESTER. 


Vol. 17.—No. 97. 
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The degree of hardness in the metal 
would appear to be an important factor in 
the resisting properties of the rail, as in the 
case of sixteen rails, of which eight were 
‘‘roarers” and eight “silent,” submitted 
to the knife edge test, the roaring rail, with 
one exception, proved the harder of each 
pair. Again it was noted that the ultimate 
stress is somewhat higher in the case of 
“roarers,” confirming the view that varia- 
tions in the structure of the metal is largely 
responsible. Anyway, this problem should 
commend itself to other earnest investiga- 
tors, as the field is interesting and definite 
results of importance. 


Cowlairs Incline. 


Although the practice of assisting trains 
up the Cowlairs incline on the North British 
Railway is still in use, few are familiar with 
the method by which the tackle is uncoupled 
at the top of the bank without the necessity 
of stopping the train. An endless steel 
cable which is idle on the down road is 
driven by means of a winding engine 


installed at the top of the incline, and is 


only put in motion when a train is to be 
assisted up. A chain sling with a ring in 
the middle of it is attached to the cable by 
means of two lengths of manilla rope, the 
chain sling hanging loose. The ring is then 
placed in the drawhook of the locomotive, 
the drawhook being inverted, and the train 
slackened back to put the rope in tension. 
The train is started by a telegraphic signal 
to the engineman in the winding house, and 
release from the cable is obtained whenever 
the speed of the train exceeds the speed of 
the rope, as the ring on the chain sling 
simply drops out of the hook. The wind- 
ing engine is of the beam type, with many 
features of interest, and was described and 
illustrated in the ENGINEERING REVIEW, 


vol. vii., pp. IgI—197. 


A Discussion of Train 
Resistance. 


In a preliminary report presented at the 
last convention of the Maintenance of Way 
Association, the committee on the econo- 
mics of railway location summarises the 
data it has collected in connection with the 


FIG. 3.—TRAIN WITH CABLE HELP ASCENDING THE COWLAIRS INCLINE. 














various formule for train resistance, and 
discusses them in a general way. It is 
pointed out that train resistance is composed 
of three parts: first, resistance on a level 
tangent ; resistance due to grade; resist- 
ance due to curves. The resistance on a 
level tangent has been the subject of 
numerous experiments, but the Committee 
concluded that these have failed to present 
the degree of uniformity desirable. The 
resistance due to gradient is capable of 
being stated by the formula r= 20 g, where 
y is the resistance due to gradient and g is 
the gradient in feet rise per hundred. 
Curve resistance is about 0°8 lb. per ton per 
degree of central angle or 004 for compen- 
sation per degree. 

The resistance of a level tangent is made 
up of the rolling friction between the wheel 
and the rail, the journal friction between 
the journal and bearing, the atmospheric 
resistance of the head, tail and sides of the 
train, and oscillation and concussion. The 
committee points out that not much is 
known of any one of these in itself, and 
consequently it is not strange that the 
knowledge of their combined effect on the 
train is less satisfactory than desirable. 

It is known that journal friction decreases 
with speed, up to a certain limit, and the 
atmospheric resistance increases with an 
increase of speed, possibly as the square of 
the speed. Little is known about rolling 
friction, and still less about oscillation and 
concussion. 

In conclusion, the committee makes the 
following recommendations :—(1) That each 
company conduct its own experiments for 
train resistance; (2) For the present for 
such experiments the dynamometer method 
shall be used and the resistance of train 
alone determined ; (3) That the determina- 
tion of the amount of pull available at the 
draw-bar at various speeds for locomotives 
of the different classes be left to the proper 
motive power officials ; (4) That speeds be 
determined as closely as 01 mile per hour; 
(5) That for experiments on heavy freight 
trains at low speeds, the formula should 
have the shape r=a + bV; (6) That an 
additional term be added to show the effect 
of loading; (7) That all tests for train resist- 
ance should be made on tangents; (8) That 
for determining the sum allowable to save 
curvature, or to save rise and fall, the 
average line for train resistance should be 
used ; (g) That for grade revision, for ques- 
tions of momentum grade, a maximum line 
above the average train resistance should 
be used, a line somewhat near the outer 
edge of the experiments plotted in a 
diagram, 
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NOTES. 


The Action between 
Wheel and Rail.* 


No one who has observed the rails of any 
of the tube railways at present working in 
London can have failed to notice how much 
the rails become worn, especially just after 
they are laid; it would appear, therefore, 
to be of some use to examine the mutual 
action between the rails and wheels from a 
theoretical point of view. In this note I 
give a short account of the conclusions to 
which this examination has led me, and the 
general course of reasoning by which I have 
arrived at them. It is obviously impossible, 
in a short communication like this, to enter 
into the mathematical details. 

It is clear that if a wheel is to roll on a 
rail without either causing permanent set 
or distortion in the other, the deformation, 
caused at the contact between the two, must 
be entirely within the elastic limits of the 
material. The first step in the investigation, 
therefore, was to determine what is the 
radius and effective width of tread of a 
wheel which will just carry a given load 
without any permanent alteration in shape. 

I assume that the wheel and the rail are 
made of the same steel, and that such steel 
will bear a load of 20 tons per sq. in. on its 
surface before deforming. 

Hence, if we suppose that each wheel 
carries a load of four tons, there must, at 
any rate, be more than } sq. in. of contact 
between the rail and the wheel, for } sq. in. 
would be required if the pressure was 
uniformly distributed over the whole area ; 
but in the actual case the pressure is greatest 
at the middle of the contact-area, and it can 
be shown that the maximum pressure is 
half as large again as the mean. 

The next question is, if a steel cylinder 
of a certain radius and width rests on a flat 
steel rail of the same width, and carries a 
definite load, how much will the cylinder 
depress the rail and how much will the rail 
flatten the cylinder? 

It appears that, over the area in which 
they come in contact, the profile of the rail 
and wheel are both arcs of the same circle, 
and that the radius of this circle is twice 
the radius of the wheel. It appears also 
that the depression produced at the mid 
point of contact is about 34,5, of the square 
root of the area of contact per ton per 
sq. in., it being assumed that the area of 
contact is small compared with the depth 
of the rail. If, therefore, the maximum 
permissible load is 20 tons per sq. in., the 

* Abstract of Paper read by H. A. Mallock before the 
Railways’ Section of Engineering Conference. 
D2 
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greatest allowable indentation is 3 %5 X 
(square root of the area of contact). 

Now the area of contact is the width of 
the effective tread multiplied by the length 
of the arc of contact, and this latter varies 
as the square root of the radius of the wheel 
for a constant depth of indentation.* 

If, therefore, the area in contact is to be 
constant, the width of the tread must vary 
inversely as the square root of the radius. 

It can be shown that the total elastic 
reaction between a cylinder and a surface 
originally plane is two-thirds of the maximum 
pressure between them multiplied by the 
area of contact. Hence if the total load on 
the rail is four tons, and the maximum 
pressure the steel will bear without per- 
manent deformation is 20 tons per sq. in., 
the area of contact must be not less than 
ws X ¥, Or 03 Sq. in. 

The square root of 0°3 is 0°53, therefore, 
the indentation at mid-contact must not 
exceed 0°53 X gon iN., OF gasp in. ; and I 
find that, in order to get the required area 
and not exceed this indentation, the diameter 
of the wheel must be not less than 5 ft. if 
the tread is 1 in. wide. 

Any wheel of less diameter, unless the 
tread was wider than 1 in., would cause a 
permanent flattening of the rail. 

Most of the wheels now in use on railways 
are less than 5 ft. in diameter, and when 
both wheel and rail are new, they certainly 
do not have a bearing surface an inch wide. 

I conclude, therefore, that there is some 
permanent flattening down of the rail each 
time a wheel passes over it. 

I can make some estimate of what the 
flattening is in the case of a wheel whose 
diameter is given, by finding in the first 
place what load that wheel would carry by 
purely elastic reaction, and then finding 
how much deeper the wheel would have to 
sink into the rail to carry the extra load, 
taking the reaction over that part of the 
depression which exceeds the elastic limit 
to be constant and equal to 20 tons per 
sq. in. As an example, take a wheel of 
40 in. diameter; such a wheel, on the suppo- 
sition above made, would carry elastically 
3°2 tons. This leaves o°8 ton to be made 
up by deformation, which is in part perma- 


* The general formul# connecting the radius of the 
wheel (r), the length of arc (a) in contact with the rail, 
the width of the tread (b), and the total elastic supporting 
force of the rail (F), are 

a = Cc, vE bf 

F = cq vg bg 
If the units are tons and inches. and assuming that 
20 tons per square inch is the greatest load which can be 
laid on a plane of the material without causing per- 
manent set, and that the compression produced by a 
pressure of 1 ton per square inch is sz455 of the square 
root of a area over which it is applied, cy = 0°0165 and 
Cy = 0°46, 


nent, and I find that the permanent part of 
the deformation is about ygp5%555 in. On 
the supposition that the width of the tread 
was 1°38 in. instead of 1 in., the 40-in. wheel 
would carry the 4-ton load by elastic 
deformation only. 

Five millionths of an inch does not seem 
a very large quantity, but if we take the 
case of a railway on which there is a 2-min. 
service of trains for 12 hours a day, and 
suppose each train made up of six eight- 
wheel carriages, it will be seen that this 
4 X 5 X 360 X 365 

1,000,000 
year, for a 4o-in. wheel with a 1-in. tread, 
whereas, with a tread of about 1°4 in., there 
would be no wear at all, the load in like 
cases being four tons. 

Without attaching much importance to 
the actual figures, this example, and the 
formula in the foot-note, show how much 
the width of the tread affects the flattening, 
and that it is to be expected that wear will 
be very rapid at first, and will almost cease 
when the wheels and rails have adapted 
themselves to one another. It seems pos- 
sible, therefore, that if the rails were rolled 
with a slightly different cross section, a 
considerable part of the initial wear might 
be avoided. 

In all these remarks I have considered 
only the wear which would occur on a 
straight railway, and where there is no 
slipping between the rail and wheel. 

On a curve there is necessarily slipping 
on one or both rails, and slipping must occur 
even on the straight, unless the diameter of 
the wheels on the same axis is identical. 

The wear due to slipping is quite distinct 
from the flattening or crushing which I have 
considered hitherto; but it is to the slipping 
we must look, I think, for the origin of the 
ripple-like marks which are often to be 
noticed on rails over which small wheels 
arerun. The length of each of these ripples 
is 24 in. to 3 in., and they often extend over 
a considerable length of line. The question 
arises, what settles the wave-length? Is it 
something which depends only on the 
distance the wheel travels and not on the 
velocity (as would be the case if it was the 
result of the toothed gear-wheels of the 
motors), or is it a real period, ¢.g., something 
which recurs in a constant time? I think 
the latter is the true explanation, and the 
only period likely to give rise to these marks 
is the period of the torsional vibration of 
the wheels on their axles. Such tursional 
vibrations are sure to be set up at certain 
speeds if the wheels slip on the rails, and 
may be compared with the vibrations of a 
bowed string, or more closely with chattering 


wear is = 2°60 in. per 

















a wheel or disk when mounted on 
a slender axis and turned in a 
lathe. The subject is rather com- 
plicated, and I can only mention 
this explanation here without 
giving any details. 

In the interesting discussion 
which followed, Mr. F. E. Robin- 
son attributed the real cause of 
wear to the increase of wheel 
loads and the decrease of dia- 
meter in the wheel. He main- 
tained that the safe load was a 
function of the diameter of the 
wheel. Prof. B. Hopkinson con- 
sidered that the time factor 
should not be omitted in such 
calculation, a view which Mr. 
Mallock in his reply coincided 
in. Prof. Hopkinson stated that 
in some tests he had made with wire, a load 
of 500 lb. produced permanent deformation, 
but if the load were applied for only one- 
thousandth of a second, an 800 lb. load 
produced no_ permanent deformation. 
Applying this, it would suggest that wear 
was less on sections on which fast running 
was the rule and greater on slow sections. 


— o— 


An Improved Locomotive 
Superheater. 


The use of highly superheated steam as a 
method of increasing the power and effi- 
ciency of locomotives without unduly 
increasing their weight appears to become 
increasingly popular in continental practice, 
to which that of Switzerland has proved no 
exception. The “Schmidt” system has been 
adopted there on a number of locomotives, 
and a recent improvement in this apparatus 
introduces several mechanical and other 
advantages over the original design. Its 
details, for which we are indebted to the 
American Engineer and Railroad Journal will 
be understood by the aid of the drawing 
Fig. 4. 

Two important features constitute the 
chief differences between the new and the 
old smoke-tube apparatus. One is that 
the superheater pipes are now formed in 
double loops instead of in single loops, 
while the other is that each set of superheater 
pipes is independently bolted, and can be 
reached without disconnecting or disturbing 
the adjacent sets. 

Each of the eighteen large smoke-tubes, 
A, contains a superheater element, B, con- 
sisting of four solid-drawn steel pipes, of 
1} in. diameter, which are connected at 
their firebox ends by two steel return bends, 
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FIG. 4.—“ SCHMIDT” IMPROVED SMOKE TUBE SUPFRHEATER. 


thus forming a double loop, as shown in 
detail. The two ends of each set of super- 
heater pipes are bent upwards in the smoke- 
box, and are there spread apart, in order 
to allow for the full expansion of the pipes 
under different temperatures. At the same 
time this arrangement permits of the smoke- 
tubes being as easily inspected and cleaned 
from the front end of the boiler as from the 
firebox end. This feature is of very great 
importance in the case of boilers with long 
tubes, and more especially so if poor coal 
is used, as then the cleaning of the smoke- 
tubes from the firebox end alone cannot 
always be efficiently performed. Again, as 
there are no header castings hanging down 
in the smoke-box, no difficulty arises with 


‘regard to the resetting or removal of the 


large tubes, either of which operations can 
be readily carried out, without discon- 
necting the whole arrangement. 

The two smoke-box ends of each set of 
double-looped superheater pipes, B, are 
expanded into a flange, C, which is inde- 
pendently secured to the bottom face of the 
cast-iron steam collector, D, in the smoke- 
box, by means of a single 1 in. bolt, E. The 
heads of these bolts are movable in slots in 
the underside of the collector casting. In 
the most exceptional case, it would not be 
necessary to loosen more than three of the 
holding bolts in order to draw out any par- 
ticular set of superheater pipes. This 
feature thus renders the new apparatus 
thoroughly practicable and accessible. An 
all-round even joint is obtained by passing 
the bolt through the centre of the flange, 
and supplementing it with a couple of 
copper-asbestos rings. Only 18 of these 
tin. bolts are needed for the purpose of 
fastening the whole superheating arrange- 
ment to the collector casting, and there are 
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neither coupling nuts nor screw connections 
in the smoke-box which would cause any 
trouble through leakage. 

The collector casting is divided by par- 
titions into compartments for saturated and 
superheated steam alternately. These com- 
partments communicate with the corre- 
sponding ends of the superheater pipes in 
the smoke-tubes. On the throttle valve 
being opened, the saturated or moist steam 
flows from the dry pipe into the several 
compartments for saturated steam, then 
passes through the double-looped super- 
heater pipes and returns highly superheated 
to the other compartments in the collector, 
from which it finally passes to the cylinders 
in the ordinary way. 

The passage of the combustion gases, 
and therefore the degree of superheat in 
the smoke-tubes, can be regulated by means 
of dampers fitted to the collector casting in 
the smoke-box. For the purpose of pre- 
venting overheating of the superheater 
pipes, these dampers are kept closed while 
the engine is standing or drifting, as the 
case may be. 

The ratio of the heating surface of the 
superheater (307°9 sq. ft.) to the total heat- 
ing surface of the boiler (1,512°4 sq. ft.) is 
ample to insure an average temperature of 
the steam in the steam-chest of from 580° 
to 600° Fahr. 


> 


Dynamometer Test Car. 


The chart reproduced in Fig. 5 shows 
the record of a run made on the Missouri 
Pacific Railway and was taken on a new 
type of recording machine and test car 
belonging to the railway department of the 
International Correspondence Schools. As 
will be apparent on examination of the 
chart the apparatus is capable of making a 
number of records connected with train 
running, comprising resistance, speed, time, 
distance, steam pressure, amount of coal 
fired, water used, brake applications and 
curvature of the line. As these data are 
all obtained with the utmost accuracy and 
plotted :-ith reference to time, the informa- 
tion afforded by the chart is of the utmost 
utility. 

The action of the apparatus is as follows. 
On the rear axle of the car isa 60to 1 worm 
gear from which a shaft, through a reversing 
gear, connects, drives the gears of the 
recording machine operating the paper 
rolls. By means of a sleeve carrying three 
gears, paper speeds of 4, 1 and 3 in. to the 
mile are obtained. Independent of the 





direct drive, there is a time drive actuated 
by an electric magnet which pulls up a 
ratchet every five seconds, and so gives 
the paper a travel of $ in. per minute. 
This drive is brought into requisition when 
the train is standing, the work done during 
stops being thus obtained. 

The record is made by pens marking on 
the paper as it is driven through the rolls, 
the actuating mechanism being a group of 
electro magnets. Two of these make the 
lowest or station records. The observer, 
riding on the engine, makes and breaks the 
circuit through them every time a station is 
passed or a stop or start made. Another 
magnet in this set is used to make miles or 
fractions of miles. 

Another magnet pulls every 5 seconds a 
ratchet, which works into a gear-wheel on 
the same shaft. The teeth of this gear- 
wheel are really cam curves which work 
against the block on the end of the time 
pen rod lever. Every move of this wheel 
causes one of these teeth to set the time 
line pen over 15 in., and the teeth are of 
such a length and arrangement as to cause 
a dropping back of the pen every half 
minute. The twentieth space between the 
teeth is a little deeper than the rest. That 
makes a longer line for the 10 minute mark 
than for the $ minute mark, so there is on 
the time line 5-second, 30-second and 
10-minute spaces, distinctly indicated. 

The mechanical idea of the speed recorder 
is very simple. A cam is geared to the 
wheels of the car in such a way as to drive 
a block out a certain distance for every 
speed in miles per hour, and allowing this 
block to return every 44 seconds. A com- 
mutator switch releases this block and stops 
the cam. The latter is carried on the 
armature of a circular magnetic clutch, 
the clutch being geared into the machine 
gears, thence to the axle. 

On the commutator switch the segment 
for the circuit through this clutch is so 
placed on the shaft that the current goes 
through the clutch every 44 seconds; then 
as the shaft revolves the current is opened 
for $ second, freeing the cam and allowing 
it to turn on the face of the clutch so that 
it is pulled back to zero by a return spring 
and then starting its movement anew every 
5 seconds. This makes the speed record 
correct to 5-second intervals and a contin- 
uous line is obtained with very little irregu- 
larity for a speed curve. 

A hydraulic dynamometer cylinder 
registers the pressure of oil by indicator 
cylinders on the machine. Air pipe con- 
nections show the pressure in the brake 
cylinder and train pipe, and a steam pipe 








































a 
S 
o 
2 
S 
2 
— 
& 
Q 
Q 
2 
~ 
S 
z 
y 
> 
* 
> 
~] 
— 
* 
& 


“UOTJEULIOJUL SULOSIIOJ BY} AOZ smaAz 

Surusmsuq wy 0} Wp aie syUsUIspaymouyoRe INQ = ‘sp1oOdaI 

ay} yoyo pue soulyoeur 94} osvuRUI 0} yaodxo ue A;ddns 

osje pue ‘}I osn 0} saystIm oym Aver AUB O} TBO 94} }UdI 

SIOUMO OY] ‘OUIT} OUIOS IOJ BOIAJOS UI U9dq SUARY Ivo 94} ‘poulUl 
-Jajap A][ySno1oy} uwseq sey snjeredde oy} jo Aovinooe sy] 

‘pollsop st yey} pso0odal 

Jayj}o Aue JO} pasyyN st ouryoeu oy} UO sjyoUseUL YSNoIY} 


PININD eoIj9]o UB UT sayxRIg puB soYeU Jo Wa}shs sIy 
*XOq 91Y OY} O} Po} SI [BOD Jo [aAoys &B out} A19Ad passaidap ‘u0}NG 
ysnd ev y}yM oulsua ay} UO JVdAIOSqO 94} Aq opeUl st p1Od—I 
[Boo ayy, ‘suoTJI9UUOD aIqe}INS pue sadaId }9¥}UOD Jo sallas B 
jo suvouwr Aq A]jeorjewoyne pozeoipul Sureq suorisod oy} ‘19A0] 
SUISIOADI puP 10O}E[NS9I Vy} JO UOTWISOd oy} p10901 sjouseUI OMT 
‘QUIOVUI 94} 
UO IO}JCOIPUT BY} YIM S}ODUUOD BATJOUIOSO] 9Y} JO JaTIoq oy} Woy 


SNIVUL AVAIIVY NO SLSAL YALANOWVNAG YOA ANIHOVW AG AGVW GNoodA—'S “old 


2407 


“ze 
SMIN' ON] 


$4104 YENOS 
Op-$-01 P9588 
vosUudsliy 


OP-2 


$£,/ 4Mog “2/5 
aust 


o sq 


poomasSo> 
“ey 
05 L-6, Posh 
440g Aaj;0A 
0} bP-6 PIOY 
$.4423109 
42u9f a%p7 
S4ORG 4747 
61h Perey 
A010 4amoy 
Ow 427 
W106 +9*7 
QN SINE 4S 


6 


saainy 


| 
4$77 saaany 


dafey 


“dayaay 


40)| awbuz 

















By ANDREW STEWART, A.M.I.E.E. 


A Military Electrical 
Plant. 

An electrical plant, embodying a 
number of novel features, has recently 
been constructed by the well-known 
motor engineers, Messrs. J. W. Brooke 
& Co., Ltd., Lowestoft. 

It is illustrated (Fig. 1), and consists 
of an automobile driven by an 18 h.p. 
four-cylinder “ Brooke” motor under 
the bonnet, while in the centre of the 
car is a dynamo driven by a four- 
cylinder engine similar to that used in 
driving the car. At the rear is a 36-in. 
searchlight with the necessary gear- 
ing for manipulating it. The switch- 
board, which has mounted thereon an 
ammeter, voltmeter, main switch, and 
dynamo regulating rheostat, can be 
seen in the illustration. While primarily 
designed for searchlight purposes, it 
may also be employed for arc or 
incandescent lighting such as for work 
on a large camp. 


The machine has a total weight of 
34 tons, 2} tons being on the rear axle 
and 1} on the leading wheels. It has 
wood and iron wheels, with solid rubber 
tyres, and can maintain a speed of 
twenty miles per hour on ordinary 
roads. As will be seen from the letter- 
ing on the driver’s seat, the car has 
been constructed for the No. 1 Tyne 
Division, Royal Engineers (Volunteers). 


The Driving of Portable 
Tools in Workshops. 


The paper on “‘ The Use of Pneumatic 
Tools in Workshops,” read to the Engi- 
neering Conference by Mr. Charles 
Palmer Whitcombe, M.Inst.C.E., and 
reported in our last issue, raises a wider 
question, and one touched upon by one 
of the speakers during the discussion, 
viz., the relative merits of compressed 


FIG. 1.—-MILITARY ELECTRICA!. PLANT. 























air and electricity for power purposes 
in engineering workshops. The economy 
of electrical distribution, and the recog- 
nised inefficiency of power distribution 
by compressed air, justifies the average 
engineer in assuming that for the pur- 
pose of drilling and riveting, compressed 
air must possess advantages which are 
less apparent under other conditions, 
for it is almost the only pneumatic 
power apparatus which has survived 
the competition of electricity. Even in 
mining, long considered the impregnable 
stronghold of compressed air, electricity 
has made tremendous inroads, and 
electricity when it has not succeeded 
in getting a sound foothold, where 
directly applied, has managed to give 
a good account of itself by the use of 
electrically-driven compressors at or 
near the working face, thereby eliminat- 
ing the by no means inconsiderable 
transmission losses. 

The engineers’ workshop has witnessed 
no less remarkable changes, and to-day 
electricity as a means of distributing 
power, holds a position unchallenged by 
anything. Yet the adherence of the 
engineer to compressed air for the small 
portable tools which play such an im- 
portant part in the internal economy of 
many establishments is a source of 
wonder to many. There is, however, 
a very adequate explanation, for, while 
portable pneumatic tools had a long 
start, and with the exception of the 
hammer, presented no very serious 
difficulties in construction or operation, 
the construction and operation of small 
light weight electric motors, for the 
pressures which were becoming stan- 
dard, proved more difficult than was at 
first anticipated. Pressures of the order 
of 100 volts were not nearly so difficult 
to negotiate, but with the rapid growth 
in popular favour of 200 to 250 volt 
circuits, the electric motor, when all its 
parts were brought down to the irre- 
ducible minimum demanded before such 
machines could even approach the com- 
pressed air motor in point of weight, 
became a less robust piece of mechanism 
than it is usually supposed to be, hence 
electrically-driven tools of this type are 
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handicapped with a greater weight and 
higher repairs bill than their pneumatic 


competitors. They score heavily in 
point of efficiency; for instance, from 
some experiments carried out by the 
writer, an electric drilling machine on 
1? in. holes in steel takes 2 h.p. sup- 
plied to the dynamo, while a compressed 
air drill on the same size of hole at the 
same speed, takes g h.p. at the com- 
pressor. This result is typical of many 
obtained on holes varying from } in. 
to 3 in. diameter, so that it may be 
assumed with a reasonable approach to 
accuracy that the man who does his 
drilling, reaming, and tube expanding 
with compressed air pays four times as 
much for the power required to do the 
work than he would if he used electricity. 
This is, of course, not the whole story, 
as he would perhaps have a repairs bill 
about twice as heavy with electric tools. 
Even then, however, electricity would 
score, as given a reasonable amount of 
care, electric tools of this class may be 
maintained in working condition at a 
very reasonable cost. 

Where compressed air does score, is 
in establishments where riveting and 
caulking have to be done. It is true 
that there are satisfactory electric rivet- 
ing machines now on the market, but 
none possess the convenience and port- 
ability of the pneumatic hammer. Efforts 
have frequently been made to produce 
a satisfactory electric hammer of a type 
similar to the pneumatic hammer, but 
the results have proved that the in- 
ventor possessed more courage than 
skill, and up to the present the hammer 
stands between the portable electric 
tool, and a complete success. 

Were it possible to get even a moder- 
ately successful electric hammer, the 
compressed air equipment of many 
shops would never have another sove- 
reign spent on it, and it is doubtful if 
the only friend the coal merchant has 
in the modern shipyard and boiler shop, 
viz., the steam-driven air compressor, 
would continue for any length of time 
to eat up fuel, only a mere fraction of 
which ever reaches the tool it is primarily 
intended to drive. 
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New Electric Locomotives 
for the Italian State Rail- 
ways. 


The electric locomotives in use on the 
Valtellina Railway were described in 
these notes in October, 1905, and the 
locomotive illustrated (Fig. 2) embodies 
a few alterations of considerable im- 
portance. Motors of greater power have 
been fitted and a somewhat different 
method of connecting them electrically 
has been adopted. The twin motor 
arrangement which gave the equivalent, 
in electrical connections, of four motors 
‘thas been abandoned, and two motors 
only are employed. 

The general appearance of the locomo- 
tive (Fig 2.) does not differ from the 
earlier locomotives, some of which are 
now employed to haul trains through the 
Simplon tunnel, but the motors (Fig 3) 
differ considerably, apart from the change 
in general arrangement already noted. 
The shell is arranged so that the lamina- 
tions which are held between the cast 
iron endplates are stiffened by steel 
channels to which are bolted the lugs 
for fixing the motor to the locomotive 
frame. A crank shaft for driving the 
axles which, it will be remembered, 
formed the distinctive feature of the 


earlier locomotives, is retained; so also 
is the method of placing the slip rings 
outside the crank, and accessible from 
the permanent way. 

The motors are wound for a different 
number of stator poles on each, the 
1500 h.p. motor has eight stator poles, and 
the 1200 h.p. machine twelve. This 
enables a wider speed regulation to be 
obtained, for, with the same number of 
poles in each, there are only two economi- 
cal speeds ; but, using the motor as now 
wound, there is the speed due to a twelve 
pole stator, the speed due to an eight pole 
stator, and the speed due to the two in 
cascade, which is the slowest of all, and 
proportional to the sum of the stator 
poles in both machines. 

There are therefore economical speeds 
of 16, 26, and 40 miles per hour. The 
normal drawbar pull at either of the two 
latter speeds is 7,750 lbs. while at the 
lower speed a drawbar pull of 13,250 lbs., 
though too per cent. greater, can be 
obtained for short periods, and 50 per 
cent. for two hours, when necessary. 

The complete locomotive weighs 62 
tons, 42 of which are on the drivers. 
The motors account for 24% tons of 
this. 

In order to enable one motor to be 
worked at a lower pressure, the stator 


FIG, 2.—GENERAL VIEW OF NEW LOCOMOTIVE. 

















FIG, 3.——200 HORSE POWER THREE-PHASE MOTOR 
ON LOCOMOTIVE, 


coils of the 1200h.p. motorare regrouped 
by the switch shown (Fig 4) which con- 
nects the coils in groups as shown by the 
right hand diagram. (Fig. 5) This 
enables sufficient current to be sent 
through the windings at the low pressure 
delivered from the rotor of the 1500 h.p. 
machine. 

When higher speed is desired the coils 
are regrouped by the switch toa “Y” 
connection of the usual kind used on 
three-phase motors. It will be noted 
of course that the connections established 
on the right hand diagram (Fig. 5) are 
mesh. 

Only one water resistance is carried on 
the locomotive instead of two as in the 
earlier examples. It may be connected 
to the rotor of either motor, the sequence 
of operations being as follows :—(a) the 
stator of the eight pole motor connected 
to line, and the rotor to the stator of the 
twelve pole motor, the rotor of the latter 
is connected to the water resistance. ()) 
The stator of the twelve pole motor is 
connected to the line with water resis- 
tance in rotor to grade the speed changes. 
(c) The stator of the eight pole motor 
connected to line, and the water resis- 
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FIG. 4.—CHANGE-OVER SWITCH FOR RE-GROUPING 
STATOR WINDING. 
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FIG. 5.—DIAGRAM OF CONNECTIONS OR STATION 


COILs, 


tance in rotor to grade speed, which is 
entirely cut out as soon as maximum 
speed is reached. 

As our readers will probably recollect, 
the line pressure is 3,000 volts. and the 
periodicity 15 cycles per second. 
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Conducted by PERCY LONGMUIR. 


——_————— 


STEEL, ITS PROPERTIES AND 
TREATMENT. 

Collapsing Pressure of Bessemer 
Steel Lap-welded Tubes.* — This 
paper by Prof. Reid T. Stewart is supple- 
mentary to a former one giving the results 
of an investigation on the collapsing pres- 
sures of commercial lap-welded steel tubes, 
the tubes when tested being in normal 
conditions as to roundness. Whilst testing 
10 in. tubes the conditions were found to 
be such that with the apparatus in use it 
was practicable to make a series of re-tests 


* American Society of Mechanical Engineers. 


COLLAPSING PRESSURE, POUNCS PER SQ. INCH, 
sesseepsesesesepesessseseses ss 


"2 
S 


1.02 1.04 1.06 wa 1.12 1.14 1.16 1,16 1.20 1.22 1.24 1.26 1.28 1.30 1.32 1.3 


209 MAXIMUM 0.0 — MINIMUM 0.0, 


CHART SHOWING COLLAPSING PRESSURES DUE TO DISTORTION CAUSED BY 


on each of these tubes. A large number of 
results of successive re-tests on these tubes 
are tabulated, which are, however, more 
conveniently shown by means of the accom- 
panying chart. In this chart the crosses 
represent plotted values of individnal experi- 
ments, whilst combined crosses and circles 
repesent the different group averages of 
these experiments. An empirical formula 
has been derived to represent the series of 
values plotted, and values calculated by 
this formula are plotted on the chart by 
means of circles, through which are drawn 
the curves that show how the collapsing 
pressure is related to the out-of-roundness 

of tube caused by overstres- 

sing. The tube, having re- 

spective thicknesses of 0°165 

and o'196 in., being 20 ft. 

long between end connections 

tending to hold them to a 

circular form. The formula 

is :— 

Pi — 47°55 
Pg = 0°0926 + 47°55 
(M — 0°874) 1°25 
Where P; = collapsing pressure of nor- 
mally round tube. 

Pg = that collapsing pressure of 
distorted tube, both ex- 
pressed in pounds per 
square inch. 

M = maximum divided by mini- 


mum outside diameters at 
place ot greatest distortion. 


The conclusions drawn from 
a study of the chart are :— 

(a) There is a definite rela- 
tion existing between the col- 
lapsing pressure of a_ tube 
and its out-of-roundness as 
expressed by dividing the maxi- 
mum by the minimum outside 
diameter at the place of 
greatest distortion. This is 

1140 clearly shown by the remark- 
able smoothness of a curve 


SUCCESSIVE RETESTS ON LAP-WELDED BESSEMER STEEL TUBES. 10 IN. drawn through the different 
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group averages. 

















(b) An out-of-roundness of ten per cent., 
corresponding to a difference in diameter of 
one inch for a ten-inch tube, which is about 
five times that of the commercial lap-welded 
tube while in its normal condition as to 
roundness, causes a decrease in the collaps- 
ing pressure of about one-third. From this 
it would appear that a lap-welded steel tube 
when in service, if designed with an ample 
safety factor of, say five for ordinary con- 
ditions, could not possibly fail because of 
any degree of out-of-roundness that would 
be apt to pass ordinary inspection. 


Behaviour of Carbon and Phos- 
phorus in Steel.*—This paper by Prof. 
H. M. Howe represents a discussion of 
Mr. Stead’s explanation of the banding of 
carbon and phosphorus in steel. At the 
outset Prof. Howe gives a résumé of hisown 
views as to the constitution of steel, which, 
when condensed, reads somewhat as 
follows:—In its slowly cooled state any 
carbon steel with less than ogo per cent. 
carbon consists essentially of a conglomerate 
of masses of free iron or “ ferrite’ and other 
masses of ‘ pearlite,” the latter consisting of 
alternate plates of “ ferrite” and of a hard 
iron carbide termed ‘cementite.’ -The 
composition of the pearlite itself is constant, 
and so is that of “ ferrite.” 

As the carbon present is contained wholly 
in the cementite of the pearlite, the propor- 
tion of the whole mass which the pearlite 
forms increases with the carbon content of 
the steel, so that whereas a very low carbon 
steel consists of nearly pure ferrite, a steel 
-of o’g0 per cent. carbon consists of pure 
pearlite. To distinguish the ferrite which 
forms part of the pearlite from that 
which exists apart from the pearlite in the 
form of a network or otherwise, the latter is 
called “ free ” or “‘ excess ”’ ferrite. 

Prof. Howe then turns to the changes 
induced by heating and cooling, and 
describes them as follows :—The constitu- 
tion sketched remains constant on heating 
until a critical temperature near 700° C., 
-called A,, is reached. On passing A; the 
whole of the pearlite is quickly changed 
into a new substance called “austenite,” 
which is nearly homogeneous, and is known 
.as a solid solution of carbon, or perhaps 
carbide of iron, in iron. As the tempera- 
ture rises, the excess ferrite dissolves pro- 
‘gressively in the austenite, and by the time 
the temperature has reached A, the solution 
of ferrite in austenite is complete. The 
temperature of A; varies from about 700° C. 
with steel of o'g0 carbon to about goo® C. 


* Engineering and Mining Journal, 
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with steel practically free from carbon. On 
cooling from high temperature the changes 
are reversed, that is, on reaching A, part of 
the iron contained in the austenite begins 
to separate in the form of free ferrite. This 
separation of ferrite continues as the tem- 


perature sinks from A, to A;. On reaching 
which a new change suddenly takes place. 
This change is called the ‘‘ recalescence,” 
and consists in a sudden spontaneous de- 
composition of the remaining austenite into 
pearlite. 

Turning to the phenomena of banding, 
it was shown long ago that the ferrite and 
pearlite of rail steels were sometimes con- 
centrated in bands parallel with the direc- 
tion of rolling. That such banding should 
arise in rolling is readily understood, 
because of the difference in hardness 
between pearlite and ferrite. Further, it 
is natural to suppose that rolling can induce 
this banding only when the steel is below 
As, because only then does it consist of two 
distinct substances. The new points to 
which. Mr. Stead draws attention are, 
(1) that when the steel is heated well above 
Ay this banding of pearlite and ferrite is 
wholly removed if phosphorus is absent ; 
but (2) that it is persistent, or least recurrent, 
if much phosphorus is present. Further, 
(3) that in phosphoric steels there is a per- 
sistent banding of the phosphorus itself, 
Taking these points separately, Prof. Howe 
considers them as follows:—(1) If non- 
phosphoric steel is rolled below A, resulting 
in the drawing out of ferrite and pearlite 
into bands, this banding is slowly effaced if 
the steel is reheated and held long enough 
above A, to allow the carbon to diffuse from 
the parts which had been pearlite into those 
parts which had been occupied by ferrite, 
then on cooling the normal mixture of 
pearlite with territe results. (3) Taking 
the third point next, that is the banding of 
the phosphorus and its persistence, the 
explanation seems to be as tollows :—When 
cooling across A; to A; the excess ferrite 
gradually forms, a large quantity of the 
phosphorus leaves the austenite to associate 
with the ferrite. If in this state the steel is 
rolled, the softer ferrite and the harder 
pearlite are drawn into bands involving also 
the drawing out of phosphorus held by the 
ferrite. After rolling, the steel will there- 
fore consist of bands abnormally rich in 
ferrite and phosphorus and poor in carbon, 
alternated with bands rich in pearlite and 
poor in phosphorus. (2) Turning to the 
second point, the persistence of the banding 
is said to be due to the incompatibility 
between ‘carbon and phosphorus, so that 
even in the austenite state carbon does not 





114 THE ENGINEERING REVIEW. 


diffuse into the phosphoric bands of ferrite, 
or diffuses only slowly into them. Sum- 
marising the features noted under this 
heading we have :— 

(1) In the passage from austenite to 
pearlite the phosphorus concentrates in the 
excess ferrite. (2) Rolling below A, causes 
a banding of the harder pearlite alternated 
with the softer ferrite. (3) Theslowness of 
the diffusion of phosphorus in the austenite 
state makes the banding of phosphorus per- 
sist through any re-heating. (4) Theincom- 
patibility of carbon and phosphorus restrains 
the carbon from diffusing fully into the 
phosphoric bands in the austenite state, and 
so makes the banding of carbon persist. 


FOUNDRY PRACTICE. 


Manganese in Cast Iron.—In a paper 
read before the American Foundrymen’s 
Association Mr. H. E. Field deals with the 
effect of manganese on cast iron, and at the 
outset shows the contradictory nature of 
the literature of the subject. The latter 
may be due to the fact that the statements 
are correct for the work with which the 
writers are familiar ; the errors arise from 
drawing general conclusions from special 
experiments. Thus one authority states 
that manganese hardens cast iron, whilst 
another with equal confidence asserts that 
it has a softening influence. Both are 
correct, but it must be remembered that 
two conditions determine the effect of man- 
ganese on iron: first, the content of sulphur, 
and second, the amount of manganese. 
These conditions are so intimate that it is 
almost impossible to consider them separ- 
ately. Manganese itself will carry more 
carbon than iron, hence an increase in the 
manganese content of an iron tends to 
increase the carbon. This is especially true 
when manganese is added to the ladle in 
the form of ferro or spiegel. When man- 
ganese is charged into the cupola, it has a 
two-fold influence in increasing the carbon. 
First, it partially protects the carbon trom 
oxidation as the iron passes the melting 
zoue of the cupola, and second, it increases 
the absorptive power of the iron for carbon ; 
hence in passing the incandescent coke 
carbon is absorbed. 

It has long been known that manganese 
tends to eliminate sulphur from iron, an 
eliinination due to the fact that manganese 
forms a compound with sulphur which 
separates at high temperatures. Sulphur 
hardens iron, and as manganese tends to 
elininate sulphur it has a decided softening 
influence on the iron. This influence is an 
indirect one, being due to the absence of 


sulphur rather than the presence of 
manganese. 

Turning to the effect of sulphur, Mr. 
Field offers several suggestions, of which 
we note the following :—Excessive amounts 
of sulphur make iron very weak, an effect 
due to the fact that when cast iron solidifies 
the sulphur is still in a gaseous state, and 
each particle of iron is surrounded by a 
wall of gaseous sulphur. When the iron 
cools, the gas solidifies or unites with the 
surrounding crystals as iron sulphide, and 
in this condition occupies less volume than 
when in the gaseous state. This leaves the 
crystals of iron surrounded by small spaces, 
which under the microscope have the 
appearance of very minute cracks. These 
cracks give to the iron the brittle, short pro- 
perty characteristics of high sulphur irons. 
As already noted, when manganese is pre- 
sent a sulphide of manganese is formed 
which separates at a temperature above the 
melting point of iron. In other words, this 
separation takes place whilst the iron is 
liquid, so that on solidification there is no 
sulphur left as a gas to form microscopic 
cracks, it having already united with the 
manganese to form manganese sulphide. 
This sulphide will rise to the top of the iron 
as a slag, provided sufficient time is given 
for it to do so. If, however, there is not 
sufficient time, the sulphide of manganese 
is held by the iron in _ suspension 
in the form of small solid particles. 
These are invisible to the naked eye, and do 
no more harm than so many particles of any 
solid substance. There are times, however, 
when the casting remains liquid for a long 
time, that this sulphide of manganese will 
segregate together towards the top of the 
casting and form bad spots, which are diffi- 
cult to obviate, and which are frequently 
blamed to very different causes. 


Standard Methods for the Analy= 
sis of Iron.—A report issued by a com- 
mittee of the American Foundrymen’s 
Association gives some standard methods 
of analysis. In giving these methods the 
committee recognise the fact that chemists 
will not use standard methods in their daily 
work, and they are therefore intended 
primarily as check methods in case of 
dispute between laboratories or as between 
buyer and seller. The methods given are 
very familiar ; thus in the case of silicon the 
sample is dissolved in nitric acid and 
evaporated with sulphuric acid to fumes. 
The ignited silica is treated with hydrofluoric 
and sulphuric acids, as is usual in the case 
of pig irons. Sulphur is estimated as barium 
sulphate, and the directions given for this 

















well-known method are hardly such as 
would be followed in British laboratories. 
Phosphorus is estimated as a phospho- 
molybdate, but before reaching this stage a 
series of manipulations are advised, the 
purport of which lead neither to accuracy 
or speed. The bismuthate process is 
advised for manganese, a method which, 
from the two-fold point of speed and 
accuracy, cannot be surpassed. Total 
carbon and graphite are given by the usual 
methods applicable to combustions; how- 
ever, two features are left optional: (1) the 
use of a pre-heater, and (2) the use of a 
Shimer or similar type of crucible instead 
6f the porcelain or platinum tube furnace. 


A System of Foundry Manage- 
ment.—In a recent article in the Jron 
Trade Review the advantages of common- 
sense methods are exemplified by taking 
the case of a steel foundry which a few 
years ago was steadily losing money, 
although well filled with orders. This 
foundry suffered from a lack of organisation 
and method; as a result the orders were 
tardily executed, completed orders were 
difficult to assemble, and deliveries were 
delayed. The reorganisation was effected 
in the following manner :—The moulding 
space of the foundry is divided into flocrs 
for doing certain classes of work, and in 
which the work must be done as laid out 
each day from the schedules in the office. 
This schedule or balance of work sheet 
shows the amount of work laid out in 
advance on each floor. The planning of 
each piece is carefully gone over on receipt 
of pattern and order, so that when assigned 
on the schedule to be done on a certain 
date on a given floor, no doubt remains as 
to carrying this out the day it should be 
done. As in moulding, the drying of 
moulds is defined and done in a routine 
manner. There are certain ovens for 
drying in one night, whilst other ovens 
are arranged for drying moulds in two 
nights. Moulds placed in ovens which dry 
in one night must be cast the following day, 
whilst those which take two nights to dry 
are not due to be cast until the fourth day 
from date placed in oven, although ready 
on the third day, and are cast on that day 
if possible. It follows that each mould 
after reaching the dry floor can only remain 
there a specified time, and when the time is 
up the casting will be in the chipping shop. 
In the chipping department similar rules 
hold good, and it is known that castings 
from certain ovens are due to be shipped in 
a specified number of days from date cast. 
An incentive for carrying out details lies in 
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a bonus to theforemen. In ordér to obtain 
the bonus the work must-be completed, for 
failure in one step results in the loss of the 
whole bonus. 


The small Proportion of Railroad 
Casualties due to Defective Rails. 
—-An editorial in a recent issue of the [von 
Trade Review directs attention to this sub- 
ject and tends to show that only a very small 
proportion of railroad casualties are really 
attributable to defective rails. » The data 
collected by the Interstate Commerce Com- 
mission fully confirmsthis statement, and the 
facts should be accorded closer study than 
has been given them. 

Ex parte statements of the number of rail 
failures observed are misleading as to the 
fatalities produced by this cause. Accident 
Bulletin No. 22 of the commission referred 
to has just appeared, covering the last 
quarter of 1906. Whilst these statistics do 
not attempt to give the exact cause of each 
derailment, they do givecertain figures which 
must be taken at par. The following table 
compiled from the commission’s reports is 
instructive. 

Lives Lost THRrouGH COLLISIONS AND 
DEK AILMENTS, 


= July, Oct., 
- aes Aug., Nov., 
_ Sept. Dec. 
1905. | 1906. | 1906. 1906. 
Derailments due to defects of 





roadway, etc.... oe én 50 38 14 8 
Other causes... ons ae 406 335 gI 138 
All derailments aie = 456 373 105 146 
All collisions... va .. | 608 | 604 142 308 
All derailments and colli- 
sions... as oan oe | 1,064 977 247 454 


The number of derailments due to defec- 
tive rails is doubtless but a small proportion 
of the total number of derailments due to 
defects of roadway. It is instructive to 
observe, that in the fourth quarter of 1906, 
only eight lives were lost through derailments 
due to defective roadway out of a total of 
146 lives lost through derailments, and a 
total of 454 lives lost through collisions and 
derailments together, less than 2 per cent. of 
the total. In the third quarter of 1g06 the 
proportion was less than 6 percent. and in the 
two fiscal years 1905 and 1906 it was only a 
trifleover 4 percent. The total lossof life due 
to defective railsis probably not 1 per cent. 
of the loss of life due to all derailments and 
collisions. Certainly it is well to look to 
the one, but the ninety and nine should not 
be neglected, and where the human element 
with all its limitations is in the final 
analysis the controlling influence, too much 
attention must not be given to one point. 
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A Ferro-Concrete 
Breakwater. 


In consequence of the inconvenience 
experienced by vessels making use of the 
north and south docks at Passage East in 
Waterford Harbour, the Irish Board of 
Public Works decided a year or so ago 
upon the construction of a breakwater, for 
the purpose of protecting the shipping, the 
entrance to the docks being of a somewhat 
exposed nature. The design adopted was 
of particularly simple character, and well 
suited to the conditions of the site. 

The breakwater is 120 ft. long by 2o ft. 
wide, the sides being parallel for a length of 
about 8o ft., and afterwards converging to 
form a point at each end. The foundation 
consists of a cofferdam made by driving 
“*Hennebique”’ grooved sheet piling around 
the area selected, the piles being formed 
into a water-tight wall by dowels of cement 
grout filled into the adjacent grooves. The 
length of the piles ranged from about 15 ft. 
up to more than 30 ft., according to the 
depth of the harbour bed, and the cofferdam 
was finished at the height of about 3 ft. 
above low-water mark. Having been com- 
pleted, the cofferdam was filled up with 
rubble, and upon its upper edge was built a 
superstructure consisting of ferro-concrete 
columns, walls, horizontal and diagonal 
bracing, longitudinal and transverse deck 
beams, and a continuous deck slab. All 
these portions of the structure were mono- 
lithically connected, and suitably reinforced 
for withstanding the most severe strains 
likely to be caused by the impact of waves 
or vessels, The decking of the breakwater 
is at the height of 4 ft. above high-water 
mark, and we understand that the work has 
fulfilled its purpose in an entirely satisfac- 
tory manner. 

The designs were prepared by Mr. T. M. 


Batchen, M.Inst.C.E., with the collabora- 
tion of Mr. L. G. Mouchel, M.Soc.C.E. 
(France), and the contractors were the 
Yorkshire Hennebique Contracting Co., of 
Leeds. 

This type of breakwater certainly repre- 
sents an ingenious application of ferro- 
concrete, and although manifestly unsuitable 
for exposed situations it might be adopted 
with advantage in sheltered harbours and 
river estuaries where trouble is experienced 
from waves and currents. 


—— 


New Reservoirs of the 
Metropolitan Water Board. 


A very interesting visit was recently made 
by the members of the Society of Engineers 
to the new reservoirs of the Metropolitan 
Water Board, in course of construction at 
Honor Oak, and of which the following is a 
description :— 

These reservoirs will contain nearly sixty 
million gallons of water, and will probably 
be the largest covered reservoirs in the 
world. They are being constructed near 
Homestall Road, Honor Oak, Camberwell. 
The construction generally is of brickwork 
and concrete, with division walls separating 
the reservoir into four divisions. The longi- 
tudinal centre wall runs approximately 
north and south, so for the purpose of 
reference the reservoirs will be known as 
the north-east, north-west, south-east, and 
south-west. 

The outside walls of those portions of 
the south-east and south-west reservoirs 
which are below or level with the natural 
ground represent in plan a series of flat 
arches so as to resist earth pressure. The 
north-east and north-west reservoirs have 
concrete retaining walls, faced with brick- 
work. The centre dividing walls are also 

















arched in plan, and are practically double 
walls filled in between with concrete, the 
thickness varying from 6 ft. in the centre of 
each bay to to ft. at each buttress. 

Around all the outer walls and the 
division walls buttresses in brickwork pro- 
ject into the reservoirs. These buttresses 
are carried up solid to the drums on the 
roof covering, and in themselves form sub- 
stantial counterforts to the wails. The floor 
of the reservoir is of concrete, and its 
surface will be formed with curved inverts 
groined so as to form bases from which the 
brick piers carrying the roof will rise. This 
inverted floor will be finished with # in. of 
cement, rendering to a smooth polished face 
with a drain down the middle of the invert, 
draining all the water into the collecting 
channel. 

From each base a brick pier is built, 
which is continued up 14 ft., where jack 
arches are turned, connecting each pier 
north and south. From the top of the wall 
thus formed, the drums or covering arches 
spring. The drums form a series of tunnels 
running north and south. The haunches of 
the arches are filled with concrete, on the 
top of which clay puddle will be placed, 
followed with earth and, finally, soil. A 
drain with open joints is laid on the surface 
of the puddle for the purpose of draining 
the top of the reservoir. A puddle wall 3 ft. 
in thickness extends all round the outer 
walls, and is keyed into the clay, thus making 
the work watertight. 

At the centre of the four reservoirs where 
the division walls intersect will be the central 
well, from which the charging and emptying 
will be directed. All the opening valves— 
42 in., 36 in., and 30 in.—will be arranged 
round the well, and worked by means of 
headstocks from a gallery running round 
the well. By means of special connections, 
it will be possible to work each or every 
reservoir at the same time, without interfer- 
ing with the others. Above the central 
valve well will be a valve house, in which 
the electrical recording indicators will be 
arranged. When the works are com- 
pleted, the tops of the reservoirs and the 
slopes will be soiled and sown with grass 
seeds. 

The bricks used in the construction of the 
reservoirs have all been manufactured by 
the Southwark and Vauxhall Water Com- 
pany, and later by the Metropolitan Water 
Board, from the excavation. Not only has 
the material been utilised in the making of 
the bricks, but the ground has been exca- 
vated on the site of the reservoir, thus 
reducing the quantity of earth to be handled 
by the contractor. It will be seen that the 
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works involve the use of a large amount of 
concrete, in the production of which four of 
Taylor’s one-yard concrete mixers are 
engaged. In these mixers each charge of 
material is measured and mixed separately, 
and each of the machines employed will 
mix 24 cubic yards of concrete per hour. 

The whole of the works were designed by 
Mr. J. W. Restler, M.Inst.C.E., and are 
being carried out under his direction and 
supervision by J. Moran & Son, Ltd., as 
contractors. The estimated cost of the 
works, including pipes and valves, but 
exclusive of land, is, approximately, 
£170,000. 

—— 


The Ratio of Effective 
Pressure with Toggle Joints. 


A writer in a recent issue of Machinery, 
considers in some detail some aspects of 
the above problem, of which the majority 
of draughtsmen have had little experience 
beyond calculating the increase in pressure 
to be obtained with the lever arms at a 
given angle. 

The writer deals with the maximum results 
that are to be obtained from this machine 
only when the toggles are straightened out. 

Considering the formula for toggle joints: 

In Fig. 1, P = power applied, 

R = resistance, 
a = angle of lever arms from 
straight line. 

Then the formula is 
2R sin a= FP cosa, and 

R__ cosa _ ratio of resistance to power 

P ~~ 2sina~ applied. 

or R = P X ratio. 

In connection with the design of a port- 
able pneumatic riveting machine of the 
type shown in Fig, 2, the question arose 
how to calculate for R. If the toggle be 
straightened out, R becomes practically 
infinite, or if the angle a be, say, only one 
degree, we still have an enormous quantity 
for R, not knowing what co-efficient of 
friction to allow. Finally the author decided 
to make angle a fairly large, and to calcu- 
late for R, and considered that R would be 
his final pressure, even though the toggle 
were straightened out. 

On the machine as designed, Fig. 2, the 
cylinder was about 11°9 in. diameter (piston 
rod 1} in.) and the working pressure 80 lbs. 
per sq. in. This gave 8,goo lbs. for P. 

Deciding on 3} degrees for a, the ratio of 
R to P, according to the formula, was as 
7°64 to 1. Hence 8,goo lbs. x 764 = 
68,000 Ibs. for R. 

E 
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FIG. 2.—‘‘ ALLIGATOR” TYPE OF TOGGLE-JOINT RIVETER. 


In Fig. 2, L = 23} in., and 
L, = 243 in. 
68,000 X 23°5 
24°75 
or 32 tons, which was the effective pressure 

required on this machine. 

When the machine was built and tested, 
the highest pressure obtained on the dies 
was 18 tons, showing that there was enor- 
mous loss in the machine somewhere, but 
as the bearings were all amply large and 
well lubricated, it could only be surmised 
that the efficiency of the toggle joint was 
not nearly as high as generally supposed. 
If the distance between the dies were 
shortened so little as ,4 in., the cylinder 
could not exert sufficient pressure to 
straighten out the toggle joint, and the 
pressure on the dies dropped. It was there- 
fore necessary to design the machine over 
again. 

Taking the 18 tons die pressure as a 
basis, 


Then = 64,500 lbs. on the dies, 


36,000 X 24°75 
23°5 
37:900 _ 4:26 = effective ratio, for an 


R= = 37,900 lbs. 


then ~; = 
3,900 


angle a of 3? deg. 

Now having a ratio to work with, a 
second machine was designed, having a 
13 in. cylinder, 2 in. piston rod, length L, 
374 in., L,, 25 in., and working pressure 
80 lbs. 

Using formula R == P x ratio. 

R = 10,370 lbs. x 4 26 = 44,200 lbs. 
44,200 X 37°5 66,250 Ibs. on dies, or 334 

25 tons. 

This machine when tested gave an 

effective pressure of 33 tons on the dies, 


which corresponded exactly to tests made 
on the other machine with regard to 
efficiency. 


A Novel Boiler-Cleaning 
Process. 


At the No. 2 pit of the Annesley Colliery 
there are five Lancashire boilers which, 
after they had been at work for about two 
years, were found to be scaled on the plates 
to the extent of } in. The hardness of the 
deposit prevented its removal in the ordi- 
nary way with scaling hammers, and the 
following simple and novel plan was resurted 
to:—Into an old oil barre] about two pecks 
of potatoes were put, also the waste water- 
pipe from the main steam tube. The tub 
was then covered with a bag and left for 
the night, any water that overflowed being 
conducted into the well. In the morning 
all the potatoes were properly boiled. They 
were crushed up and put through a small- 
meshed riddle into a feed-water tank, into 
which the donkey pump exhausts and keeps 
the water stirred up, and were then forced 
into the boilers. This has been repeated 
every day. In addition, every three weeks, 
when the boilers are blown off, wooden 
boxes, 4 ft. by 10 in. square, which are filled 
with cut potatoes, are put inside. The 
result after nine weeks was that large pieces 
of scale ? in. thick were hanging from the 
boiler sides. It has not all come off yet, 
but this process is certainly making the 
scale softer and easy to pull off. The bare 
places, where the thick scale has been 
removed, are covered with a thick slime, 
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which can be washed out after scraping. 
While it is hot it remains quite soft, but if 
allowed to cool, cakes hard. The blow-off 
cocks are also opened every day. In the 
past six months five tons of potatoes have 
been used in this process. According to the 
Iron and Coal Trades Review, the cost has 
been about 35s. a ton. An average of about 
a peck a day is the estimated consumption 
of potatoes by the boilers, so that it is a 
comparatively cheap, as well as effectual, 
remedy for crust. 


——— 


The Milling Machine ¥. 
The Planer.* 


The milling machine is slowly but surely 
encroaching on the field of the old-time 
favourite, the planer. It is not doing so 
with the ease that it takes to say the words, 
but with much opposition from those whom 
it will most benefit; hence the following :— 

Many take as an issue the equipment 
necessary to the successful operation of the 
milling machine. Is not this theme some- 
times set forth in a much exaggerated light ? 
Equipment we must have, but is it not 
necessarily so with any machine tool for its 
successful operation? Even the planer— 
hardy as it is—cannot claim much as a 
record breaker without some special tools 
or fixtures. Then why should there be all 
this hue and cry about such matters when 
comparing the results obtained with the 
milling machine ? 

Then, again, we are reminded that cutters 
need sharpening occasionally and require 
some care in handling. Is there not a far 
better chance for the proper care and 
handling of the cutters used on the milling 
machine with less need of the personal 
element than is the case with the cutting 
tools of the planer? This sort of argument 
may sound rash to some, but on a little 
consideration on their part it will be recog- 
nised as the truth. 

Why is it necessary to associate an 
elaborate tool-room with the handling of 
the milling machine? Surely, in present- 
day practice, as found in the ordinary 
plant, where modern methods are appre- 
ciated, we have on hand all the necessary 
facilities for the proper sharpening of the 
cutters used on the milling machine, and 
where it is used to a larger extent than that 
which would be termed common practice, 
the extra amount of trouble, if such it may 
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FIG. 3.—ARRANGEMENT EMPLOYED AT ANNESLEY COL- 
LIERY FOR BOILING POTATOES FOR USE IN REMOVING 
SCALE FROM BOILERS. 


be termed, would be warranted by the 
increased output and the reduction in the 
cost of products that the miller is sure to 
show where properly used. 

When fitting up for the milling of a job 
the first cost is large, and may seem exorbi- 
tant to many; but when the cost is taken 
per piece the results are more favourable 
to the milling machine than would be looked 
for under the circumstances by those un- 
familiar with this kind of work. 

But it would surprise many, who are at 
present not familiar with the milling 
machine and its characteristics, to see 
what a favourable showing can be made 
with but a very meagre equipment. Many 
a job that does not warrant special cutters 
and fixtures may be handled on a milling 
machine to advantage, and even under such 
circumstances give the planer a good run 
for the money. It is because many know 
the milling machine only by its reputation 
as a tool-room machine, fit for but the 
lightest work and such jobs that cannot be 
done on any other style of machine, that 
the foregoing opinions are held. When 
you come down to the bare facts, there are 
but few jobs that a man can think of that 
cannot be done in some way on the milling 
machine of the universal type. Many, we 
must admit, would be rather out of place 
and impracticable, but others that are at 
present considered typical of the lathe and 
planer or shaper would, if it were only given 
a chance, be turned over to the milling 
machine as rightfully belonging within its 
field. 

Is there in the present state of the arts 
a more economic method of removing super- 
fluous metal than the milling machine? It 
would be foolish to contest the fact that on 
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the milling machine we can clear a larger 
area of the superfluous metal for a shilling 
than can be done on the planer; so that 
we, in comparing the two methods, have 
sifted the matter down to the quality of the 
surface obtained. What better surface 
could be desired than that left by a milling 
cutter when run at a high surface speed, 
removing a light chip at a reasonably fine 
feed? In fact, the grade of surface obtained 
is easily made to conform with the require- 
ments by adjusting the feed and speed at 
which it is run. The cutter may be of the 
axial type or an ordinary face mill, but the 
results in either case are all that could be 
desired. 

There seems to be a strong tendency to 
restrict the milling machine to just that 
class of work on which it has made its 
reputation and for which it was originally 
invented. It is on that class of work that 
competition has completely died out. Few, 
who have had no special experience with 


ict 





























the milling machine, will concede the point 
that it, as a producer, is fit for any other 
class of work than that irregular work found 
in gun shops, typewriter factories, and elec- 
trical instrument works. It is just on this 
point that I wish to take issue. 

Let us take a few figures to show as a 
comparison the time required to machine a 
certain job, that shown in Fig. 4, on both 
the planer and milling machine. We will 
first deal with the top a. If we place this 
work on the planer—one having two cross- 
heads—in two strings of 12 each, allowing 
1 in. between each piece for clamping, we 
would have a stroke of about 7 ft. Suppose 
that the planer runs on the cut at 30 ft. per 
minute, which is above the average, and 
has a return speed of 50 ft. The time con- 
sumed for each stroke would be 7 + 30 for 
cut, and 7 +50 for the return, or, roughly, 
a total of one-third of a minute. Allow- 
ing a feed of tool of 1/32 in., we would 
have a total of 64 strokes of actual cutting. 
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Allowing nothing for the time taken in 
running the tool across the gap, either by 
hand or power, we have, as the time neces- 
sary for machining the piece, 214 minutes. 

The feed of table of a milling machine 
necessary to accomplish the same amount 
of work under similar conditions would be 
84 + 27°3=4 in. per minute, which is very 
reasonable on such a cut. 

On a milling machine the number of 
strings of caps operated on at the same 
time is only restricted by the power and 
size of the machine. Two strings could be 
milled at the same time on a medium-size 
column type machine, say a No. 3, while 
with a large size available, three or possibly 
four could be easily handled. Now, in 
milling we have the alternative of short or 
long strings of caps. With shorter strings 
more frequent settings are required, but 
this is done without perceptibly increasing 
the time per piece, as would obviously be 
the case in planing. In fact, the shorter 
strings are to be advised on the miller, as 
it allows of time between setting for the 
cutters to cool, increasing the run between 
grindings. Where the operator is running 
two or more machines, and where the pieces 
are short, a longer string is necessary. 

When we come to compare the time con- 
sumed in machining the base, we have 
figures that speak well for the miller on 
work that one hears much claimed for as 
typical planer work. The width of this 
piece is, say, 6 in., and when set as for the 
former operation the time consumed would 
be 64 minutes on a planer, whereas the 
miller could walk along at a feed of but 
1°3 in. in order to equal that time; but as a 
matter of fact, a feed of 3 in. would not tax 
the miller very heavily. This 3 in. feed 
would be obtained by the use of ordinary 
plain slab milling cutters. At that feed the 
surface ought to be sufficiently smooth and 
accurate for most cases. On wide surfaces 
such as this it is advantageous to sometimes 
resort to face milling, using a large inserted 
tooth face mill, either in a vertical spindle 
machine, which is peculiarly adapted for 
that class of work, or in a horizontal spindle 
machine. The feed in such a case could 
easily be raised to 7 in. per min. and yet 
leave a surface which would satisfy the 
requirements of almost every case. The 
time required to machine the base with a 
face mill would be—allowing a 6 in. over- 
run of cutter—5 K 6+7 = 4:2 +7 min., or 
1} min. per piece, as against 64-12 = 5} min., 
the time per piece for doing the job on the 
planer, a trifle Jess than one-fifth as long 
for the miller as for the planer with a finish 
of the same quality. 


The above figures have been for ordinary 
carbon steel; and had the high-speed steels 
been considered the time would be reduced 
considerably, both for planer and miller, to 
the advantage of the latter. 

The example given above is for plain 
work, but where the miller shows the planer 
its heels is on more irregular work, as shown 
in Fig. 5, which is similar to that in Fig. 4, 
except that the cap has a side fit. The 
job of fitting on a planer is a tedious one at 
best, and one which is never of a duplicate 
character; while on the milling machine 
this job would be tackled with gang cutters, 
and each piece would be a duplicate of 
every other as to the fit, and at a very great 
saving in time, Fig. 6 is another piece of 
work for which the miller is especially fitted, 
in that it is possible to produce work that is 
accurately formed. The angle d has long 
been an irksome job for the planer hand, 
but it is handled as easily on the miller as 
is a plain surface. 

Who but those who have ‘“ hooked” out 
a tee-slot on a planer can appreciate the 
gain and the ease with which the operation 
is performed on a miller. Such a job is 
illustrated in Fig. 9. So apt are we to look 
with prejudice upon an innovation in shop 
practice that it is hard to convince, without 
actual trial, that, on the work shown in 
Figs. 7 and 8—a planer table and a lathe 
bed respectively—the milling machine is a 
keen competitor of the planer. Here we 
recognise the desirability of duplicate, 
accurate work. A job of this kind would 
of necessity be handled with gang cutters. 
The removal of the majority of the stock 
would be done first and the casting allowed 
to season, as is the practice when planing. 
Then, when required, the finishing chip 
may be taken, removing with sharp cutters 
only that metal which is necessary to take 
the wind out of the surface. You say that 
it would take too much care on the part of 
the operator; no more so than should be 
taken at the planer. There is this much to 
be said: that once the work is set and the 
machine started, the operator is at liberty 
to turn the most of his attention to some 
other duties; not so with the planer, as the 
operator must hang over the machine, 
and give his undivided attention to the 
work on that machine, in order to obtain 
satisfactory results. 

As mentioned above, the equipment is a 
point on which we hear a lot of argument. 
Why go to extremes in comparing the points 
of one method with another? Some cases 
warrant a very extensive equipment, while 
others do not. ‘“ What should be called a 
good equipment, and what would it cost ?”” 
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would be a matter-of-fact question. Take 
the horizontal spindle column type machine, 
and with a good assortment of cutters 
amounting to a matter of £15 to £20; with 
this you would be prepared to tackle any 
ordinary work that would be liable to present 
itself. The selection is, of course, depen- 
dent upon the size of the machine and 
general class of work it is to be used on. 
The vertical machine is, by the nature of 
its design, capable of handling a very large 
class of work with a much more limited 
equipment than is the horizontal machine. 
In its case a few well-assorted end mills anda 
large face mill or two would be quite ample 
for most cases, and is, in fact, all that is 
necessary for the successful operation of 
the machine. The amount and quality of 
work depends, under such circumstances, 
much upon the operator, as is the case with 
the planer. It seems to be the common 
thought that the milling machine may be 
placed in the hands of incompetent work- 
men without affecting the results. It is far 
from the truth; the results depend much on 
the operator in ordinary work. Unless the 
work is of a special nature, and is handled 
by the aid of special equipment, the personal 
factor enters very much into the question. 
Thus, unless we have these special features, 
we must make up the deficiency by employ- 
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ing more intelligent help. We do so in the 
case of the planer; why not in the case of 
the miller also ? 


Sy 


A Handy Appliance for 
Railways. 


The Buenos Ayres and Pacific Railway 
Co, have just acquired from Messrs. Merry- 
weather & Sons, of London, a light steam 
car with flanged wheels for running on the 
lines of their system. It is illustrated 
in the accompanying half-tone. This will 
be for the engineering staff for survey- 
ing or inspecting the permanent way, 
running off to breakdowns, &c., and will 
rapidly carry them to any part of the line 
where their services may be required, as the 
car can attain a speed of 40 miles an hour. 
Efficient braking arrangements are pro- 
vided, which can be operated by the driver 
and from either end of the car. A feature 
is that the boiler has been specially designed 
for use with bad water which has to be 
employed, and has improved facilities for 
internal examination and cleaning out the 
water spaces and tubes. A machine of this 
kind should prove a useful addition to the 
rolling stock of any railway company. 


BUENOS AYRES AND PACIFIC CO. 
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The Widening of 
Blackfriars Bridge. 


The first important operation in connec- 
tion with the widening of Blackfriars Bridge 
was successfully carried out early in July, 
when Mr. Deputy Algar, Chairman of the 
City Bridge House Estates Committee, set in 
motion the hydraulic jacks whereby the 
first of the caissons was lowered on to the 
bed of the river. 

The widening work consists of an exten- 
sion of each pier and the abutment at the 
western end, and the construction of three 
additional steel ribs built at 1o ft. centres, 
thus increasing the width of the bridge by 
30 ft., makiag a total width between para- 
pets of 105 ft. With a roadway of 73 ft. 
and a footpath on either side of 16 ft., 
Blackfriars Bridge will be the widest over 
the Thames. The tramway lines are to be 
laid on the extended or western side. The 
most modern machinery is being used in the 
widening operations. In order to prevent 
the possibility of complaint on the score of 
smoke, the contractors are dispensing 
entirely with steam power. Air-compress- 
ing engines, electrically driven, will pro- 
vide the necessary pressure within the 
caissons, the riveting will be done largely 
by pneumatic tools, and the excavated 
material, masonry, &c., will be dealt with 
by electric cranes. The time allowed for 
the work, which is being undertaken by Sir 
William Arrol & Co., Ltd., of Glasgow, is 
three years, and the contract is for upwards 
of £200,000, with a penalty of £20 for each 
and every day occupied upon the work in 
excess of the three years, and a premium of 
the same amount for each day under the 
contract time. 

The first caisson was erected on a timber 
staging, the floor of which was 5 ft. above 
high-water level. On this staging strong 
timber trestles were erected, whose func- 
tion it was to support two pairs of steel 
girders, on which rested the four hydraulic 
jacks froin which the caisson was suspended 
by suitable links. Before the lowering opera- 
tion, the caisson had been built up to 13 ft. 
in height, representing the working chamber 
and roof girders. After being raised off the 
building blocks, the caisson was lowered 
12 ins. at a time—the stroke of the ram of the 
jack—the additional strakes of steel plating 
being added as the descent was made. 

The next operation is to concrete the 
caisson up to the level of the permanent 
caisson, after which excavation will be 
carried out by means of the working 
chamber, shaft and air locks, until the full 
depth of 27 ft. below low water is reached. 


The working chamber and shaft will then be 
filled with concrete and well grouted, after 
which the foundation will be ready for 
testing and building on. 


—_—~—— 


Royal Mail Steamship 
** Avon.” 


On Saturday, June 22nd, a large party of 
visitors journeyed by special train from 
Waterloo to Southampton to inspect the 
latest acquisition to the fleet of the Royal 
Mail Steam Packet Company prior to her 
taking up her regular sailings to and from 
South America. 

The Avon, which is the fourth of the twin- 
screw “A” class of steamers which the 
company have placed on their South Ameri- 
can Mail Service within the last two years, 
was launched at the yard of Messrs. Harland 
& Wolff, Belfast, on March 2nd last. She 
is a schooner rigged vessel with two masts. 
Her dimensions are: length, 535 ft., beam, 
62 ft. 4in., with a gross register of more than 
11,000 tons. 

She has been designed to carry a large 
quantity of cargo, but passenger accommoda- 
tion on the most snmptuous scale is her 
speciality, her passenger capacity including 
289 first class and 64 second class. Being 
thus of the intermediate type, high speed is 
not a prime requisition, but with engines 
indicating 7,000 h.p. a maximum speed of 
over 16 knots is anticipated in service. 

The engines are of the quadruple expan- 
sion type with cylinders of 27 in., 38$ in., 
55 in., and 79$ in., respectively, the stroke 
being 4ft.6in. Steam is supplied by three 
double-ended and four single-ended Scotch 
boilers, having in all thirty furnaces. The 
working pressure is 200 lbs. per sq. in. For 
breaking up the clinker, special fire-bars 
are provided, each one being movable 
independently by a detachable spanner. 

Induced draught is employed. The fans 
for this purpose—eighteen in number— 
being by Messrs. Lawrence Scott, and are 
electrically driven. 

Electricity is employed for lighting the 
ship throughout and for operating the 
ventilating, heating, and cooking appliances, 
and other auxiliary machinery. Current 
is supplied at 110 volts by a 48 k.w. steam 
generator of Messrs. Allen & Co.’s manu- 
facture. 

Ten hydraulic cranes of 50 cwt. lifting 
capacity afford ample facilities for loading 
and unloading cargo. 

A point deserving particular mention is 
that the state rooms are on deck so that 
there are no rooms below the upper deck. 
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There are some very handsome two-bedded 
state rooms (no upper berths), beautifully 
decorated and with bath-rooms attached 
to them. Many of the state rooms are 
arranged on the tandem principle with side 
lights for each room’ Single berth state 
rooms are a special feature, so that travellers 
can rely on the same privacy and comfort 
as in hotels ashore. 

There are a number of suites de luxe, 
and these are magnificently furnished in 
white and gold with silk panellings. 

The first class dining saloon is one of the 
most handsome afloat. The tables—seating 
250 passengers—are arranged on the latest 
restaurant system. The elegance of the 
whole structure, combined with the magni- 
ficent stairway and approach to the main 
deck, forms a fine example of marine 
architectural beauty. The style is renais- 
sance—in oak, white and gold furnishing 
adorned with cupids andsea trophies. The 
dome modelled after that of the Genoese 
Palace, is most ornate and brillantly lighted; 
and the saloon is specially ventilated by a 
very complete arrangement of electric fans. 
The decorations of the social hall and 
lounge, situated on the promenade deck, are 
in oak, the structure being surmounted by 
two domes of stained glass. 

The smoke rooms (upper and lower) are 
on the promenade and boat decks att. 
They are exceptionally well ventilated, and 
decorated with Dutch tiles giving views of 
the different places of interest in the ports 
and countries to which the company’s 
vessels trade, the woodwork being carried 
out in oak panelling handsomely carved. 
The arrangement of the rooms is very 
attractive and comfortable, with a staircase 
leading from one to the other, whilst the 
popular “well” formation gives a balcony 
to the upper room. The rooms are also 
mechanically ventilated with twelve electric 
fans. A nursery adjoins the first saloon on 
the main deck, it is most airy and spacious, 
and decorated in a style well suited to the 
little ones of all nationalities. The second 
saloon accommodation includes handsome 
dining saloon, drawing and smoke rooms 
on deck, and ample promenade accommoda- 
tion. The third class accommodation pro- 
vides for a large number of passengers, 
whose comfort in sleeping rooms, dining 
rooms, lavatories and deck space is well 
catered for. 

iiniibioaie 


The Stability of an Electric 
Car. 

Several accidents which have occurred 
recently have directed a considerable 


amount of attention to the above subject, 
and a writer in the Tramway and Railway 
World for June examines the conditions 
and limitations affecting the stability of a 
car. 

A roof-covered car measuring 26 ft. 6 in. 
over the platforms is taken as an example. 
This car weighs unloaded about 9°5 tons, 
and can carry a load of passengers equiva- 
lent to an additional load of 2°4 tons inside 
and 1°5 tons outside. 

Assuming that passengers are distributed 
equally on both sides, the centre of gravity 
will be in a vertical line through the centre 
of the car, and if the rails are at the same 
level with each other this line will fall on 
the centre of the track. The force tending 
to keep the car upright will, therefore, be a 
force equal to the weight of the car acting 
at a distance from the rail equal to half 
the gauge (Fig. 11). 

Assuming the car to weigh fuily loaded 
13°4 tons and the gauge to be 4 ft. 84 in., 
this moment = 13°4 x 2°35 = 31'5 ft. tons. 
If the gauge is 3 ft. 6 in. this moment for 
the same weight of car becomes 13°4 x 1°75 
= 23°'5 ft. tons. 

The effect of wind pressure acting in a 
direction at right angles to the side of the 
car may be considered as a force acting in 
the centre of the exposed surface. The 
height of this centre from the rail is the 
leverage at which the total wind pressure 
will act. The exposed surface in the case 
of the car under consideration may be taken 
as about 270 sq. ft., and the effective height 
of the centre of this area as g ft. above the 
rail. Wind pressure is a very variable 
quantity, and depends upon the velocity. 
During ordinary stormy weather in this 
country the wind pressure probably varies 
from 8 to 12} lbs. per sq. ft. in exposed 
positions. 

The moment about rail tending to over- 
turn the car is therefore : 
g X 270 x 8 

2,240 

To 9X 270 124 13°5 ft. tons. 
2,240 

The worst condition of stability would be 
when the car is unloaded, exposed broad- 
side to the strongest wind, and running on 
a 3 ft. 6 in. gauge. Under these condi- 
tions : 


From 8°7 ft. tons. 


The overturning moment 13°5 {t. tons, 

The counteracting moment 16°6 ft, tons. 
It should be noted that if the rails are not 
laid at the same level the conditions indi- 
cated above may be aggravated, as in this 
case a perpendicular through the centre of 
gravity of the car will not fall midway 
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between the rails. The effect of this is abel 
shown in Fig. 12. A difference in the level PT ty 
of rails of 1 in., the higher rail being near 
the exposed side of the car, will reduce the 
counteracting moment about 34 to 4} per 
cent. in the case of 4 ft. 84 in. gauge, and 
6 to 8 per cent. in the case of 3 ft. 6 in. 
gauge according to the loading of the car. 
It will be well to consider next the vertical 
height of the centre of gravity when the car 


is loaded and unloaded, as this is the virtual 
point of application of centrifugal force and cy | Centre of Chavet, 
the stability of the car when passing round -— . 


a curve will largely depend upon its height 
from the rail. 

Calculation shows that the centre of / H 
gravity of the car under consideration is as 
follows: 
































82:7 


, " k S& 
eig of C. o oo. 
Loading. yy oy Weight « 
vw 





oi 
<4 | 
Ww 
FIG. It. FIG. 12. 

















1 
¢ 


Unloaded Se on 4°34 ft. g°5 tons 
Loaded inside only... 4°40 ft. I1‘o tons = s¥2 " = 65 . e is 
Loaded outside only 5‘So ft. IT’g tons As a= Ss xample, sii Se the Spe ed is 
Loaded inside and 8 m.p.h. and the curve is 40 ft. radius, the 
outside ‘ea <6 5°66 ft. 13°4 tons centrifugal force 
134 x8 x8 * 
In thi le the car wheel i Na 
n is example > Ce mneeis are Oo 1n. . ‘ : 
; ; = : oe in the case of the car loaded inside and 
in diameter. If the wheels were 33 in. in * , 
iemnes te eens of mate weakt be outside, the overturning moment would be 
1: . ioe 1°43 X 5°66= 8'1 ft. tons, and the counter- 
t4in. higher. : : : : : 
po e : : wag , acting moment would be 31°6 ft. tons, the 
The centrifugal force in passing round a . ie 
. a ce gauge being 4 ft. 84 in. 
curve is found from the formula: . ea : 2 ’ 
From the figures given the following table 
wv: will show the maximum wind pressure 
approximately. r ; A ; A 
15R which each type of car will withstand with- 
out overturning, and also the limiting 





1°43 tons 


Where Centrifugal force in tons. 


= Weight cf ons im tons. speed on a 40 ft. radius curve for gauges 


F 
Ww 
R Radius of curve in feet. = . " ‘ 
V = Velocity in m.p.h. of 4 ft. 84 in. and 3 ft. 6 in.: 





A. B. 


Lb. per sq. ft. Miles per hour. Foot Pounds. 


Particulars of Car. 


4 ft. 84 in. 


3ft.6in. 4 ft. 8hin. | 3 ft. 6in. | 4 ft. 84 in. 3 ft. 6 in. 
Gauge. Gauge. Gauge. Guage. Gauge. Gauge. 


Roof covered 
Unloaded ... “Pe , 53 20°6 
Loaded inside only se : 23°9 
Loaded outside only 2 25°9 
Loaded inside and outside | . 29°2 

Ope n top 
Unloaded i 
Loaded inside only | 41°0 
Loaded outside only 45°0 
Loaded inside and outside 51°0 


35°0 





Column A shows the wind pressure in |b. per square foot which would overturn the car when running on a straight 


level track, 
Column B shows the speed in miles per hour round a curve of 40 ft. radius which would overturn the car. 


Column C shows the moment in foot tons resisting overturning. 
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These figures will, of course, vary when 
both centrifugal force and wind pressure 
occur together, as also when the rails are 
not laid at the same level. The table will 
serve, however, as a general indication of 
the limits governing the car’s stability. 


— 


The Junior Institution 
of Engineers. 


We have been informed that M. Gustave 
Canet has been elected president of this 
ever-advancing institution, for the ensuing 
session, in succession to Mr. William B. 
Bryan, chief engineer to the Metropolitan 
Water Board, and that he will deliver his 
presidential address on Monday, Novem- 
ber 18th next, taking for his subject 
‘‘ The Latest Improvements in English and 
French Modern Artillery.” 

It is interesting to note that Jean Baptiste 
Gustave Adolphe Canet was born at Belfort 
(Department du Haut Rhin) on September 
2oth, 1846. After passing through the 
Ecole Centrale he obtained the diploma of 
“‘Ingenieur des Arts et Manufactures” on 
Augnst 31st, 1869. He was thus a young 
engineer when the Franco-Prussian War 
was declared, and in this capacity he was 
gazetted as Lieutenant in the Artillery in 
the ** Garde Mobile”’ of the *“* Haut Rhin.”’ 
He was ordered to Neuf-Brisach where he 
was present at the seige of the town, taking 
an active part in the construction of its 
fortifications, and afterwards was made a 
prisoner of war and sent to Leipzig. It was 
thus that his particular interest in Artillery 
was awakened, and as early as 1872 he 
obtained an appointment as an engineer at 
the Vavasseur Factory of guns, gun car- 
riages, and torpedos, at Elswick. Under 
the able direction of Mr. Vavasseur, the 
eminent successor of Capt. Blakeley, he 
propounded as early as 1876, the theory of 
hydraulic brakes, and the new principles 
for gun carriage construction, which have 
since been universally adopted. 

M. Canet remained at the Vavasseur 
works till 1881, when he left in order to 
realise his dream of establishing in France 
the manufacture of war materials. He did 
not hesitate to return to his native country 
to commence operations at the “ Forges et 
Chantiers de la Mediterranee,”’ although he 
had only obtained very limited provisional 
rights for the home manufacture of ordnance 
from his Government. In 1885 a Bill was 
passed in the French Parliament authoris- 
ing the free manufacture of war materials 
for foreign Governments. 


The ordnance works established at Le 
Havre were considerably extended, and 
now all types of ordnance for coast defence, 
siege, fort and field artillery, are manu- 
factured there. 

M. Canet has equipped a great number 
of foreign warships with guns, and has also 
supplied for various countries the new type 
of turrets or barbettes with central loading 
arrangements worked hydraulically, elec- 
trically, and by hand. In 1897, at the 
request of the French Government, M. 
Canet amalgamated his works with those 
of Schneider Creuzot, in order to create a 
standard type of artillery in France known 
as “Schneider Canet.’”” The fusion with 
these great French steel works gave a con- 
siderable impetus to the manufacture of 
ordnance just at the time when all powers 
were contemplating the re-armament of 
their field artillery. Then it was that that 
wonderful field gun ‘ Schneider Canet”’ 
with its long recoil taken up by a hydro- 
pneumatic brake on the gun carriage was 
introduced, and has since been adopted by 
the Japanese, Mexican, Bulgarian, Norwe- 
gian, Servian, Spanish, Portuguese, Peru- 
vian, Chinese, Bolivian, and other Govern- 
ments. 

In spite of being so actively employed on 
these great works, M. Canet has always 
found time to take a keen interest in techni- 
cal, scientific, and philanthropic institutions, 
and is a member of the leading societies in 
France and other countries. 


——~>—— 


The Utilisation of Waste 
Heat of the Gas Engine. 


It is more than probable that the heat 
rejected in the exhaust gases and jacket- 
water discharge of gas engines is not utilised 
to anything like the extent it might be, but 
it is also true that it is not utilisable to the 
extent commonly supposed. The most 
practical way to apply the heat of hot 
gases, as a rule, is to use water as an inter- 
mediary, and the natural idea is to use the 
jacket-water discharge so as to get the 
advantage of its heat, and add to that the 
heat of the exhaust gases, or such portion 
of it as can be utilised without boiling the 
water. There would be no advaniage in 
attempting to evaporate the water into 
steam unless the steam could be actually 
worked back into water, because the whole 
of the available heat would evaporate only 
a small part of the jacket discharge water 
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and the latent heat in the steam would be 
lost. But all of the jacket discharge water 
and a littke more could be heated to 
210°. The question is: Of how much 
practical value would it be? For example, 
suppose a 100 h.p. engine to be operating 
at full brake load on 9,231 cub. ft. of pro- 
ducer gas per hour, the gas having a 
calorific value of 130 B.T.U. per cubic foot. 
This would be 12,000 B.T.U. per hour per 
brake horse power, which is a quite common 
rate. The heat distribution for such an 
engine would ordinarily be 500,000 B.T.U. 
per hour carried out in the exhaust gases, 
400,000 in the jacket discharge water, and 
45,500 B.T.U. lost in friction and radiation. 
Allowing 40 lb. of cooling water per hour 
per brake horse power, which is a practical 
figure, there would be passed through the 
jackets 4,000 Ib. of water per hour and the 
temperature would be raised 100° F.; if 
the initial temperature were 60°, the 
temperature at discharge would obviously 
be 160°. Supposing the _ explosive 
mixture in the engine cylinder to be com- 
posed to 1°1 cub. ft. of air for each cubic 
foot of gas, the total volume passed through 
the inlet valve per hour would be 19,385 
cub. ft., which would doubtless expand to 
28,000 cub. ft. when exhausted. If the 
engine speed be 160 revolutions per 
minute, there will be 80 explosions per 
minute, or 4,800 per hour, so that each 
exhaust delivery will be 28,000, divided by 
4,800, equal to 5°83 cub. ft., and the heater 
would need to have at least that capacity, 
or, say, six cubic feet. So far, so good. 
With a ioo h.p. engine running at full load, 
and a heater of six cubic feet gas capacity, 
we are able to make available 600,000 B.T.U. 
per hour, stored in water at a temperature 
of 210°. This would be sufficient to warm 
a workshop of moderate size in ordinary 
winter weather, or useful for any manu- 
facturing operations requiring such a 
moderate temperature as 2co” or under, 
but the conditions must obviously be 
especially favourable in order to turn to 


account the waste heat. The available 
quantity of water per hour (4,000 lb., or 
480 gallons) is a mere bagatelle in most 
cases where hot water is used industrially. 
Moreover, these figures are based on full- 
load operation, which usually covers only a 
small part of each day. One of the per- 
sistently alluring possibilities is the evapora- 
tion of part of the jacket water into steam 
and the use of the steam in a cylinder 
working on the same shaft with the gas 
engine cylinder. This plan figures out 
rather poorly thermodynamically, but it 
has such operating attractiveness that it is 
really difficult to cast it aside. The steam 
cylinder would, of course, add just the 
characteristic that the gas engine lacks, 
namely, reserve capacity; and the prefer- 
able method of operation would be to work 
the steam cylinder normally at its most 
economical load and allow the gas cylinder 
to take care of fluctuations below full load. 
Unfortunately, on the basis of the figures 
already cited, and which may be considered 
representative, the heat available in the 
exhaust gases would evaporate only 375 lb. 
of the jacket water per hour into steam at 
go lb. gauge pressure, assuming the boiler 
to have about 80 per cent. efficiency, This 
means, obviously, that the steam cylinder 
would develop only about 12 h.p. Now,a 
gas engine of 120 h.p., running with a load 
of 112 h.p. (the combined »utput of the 
previously assumed gas and steamcylinders), 
would require about 113 lb. of coal to be 
burned per hour in the producer, while the 
composite unit would require too lb. Would 
the saving of 13 lb. of coal an hour during 
the full-load period of each day, and the 
smaller saving during the remainder of the 
daily run, pay the fixed charges on the 
difference in the first cost of the two equip- 
ments, not to mention the increased con- 
sumption of lubricating oil by the com- 
posite unit? We think not. But we wish 
somebody would find a profitable way to 
utilise the available part of that waste heat. 
—Power. 
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THE great £20,000,000 Canadian 
canal scheme has been advanced a big 
stride forward, and all estimates, &c., 
are now ready for the consideration of 
the Canadian Government. The Glasgow 
Heraid states this authoritatively as the 
result of an interview their representative 
had recently with Mr. R. W. Perks, M.P., 
when he landed from the White Star 
Liner, Celtic, from New York. Mr. Perks 
has been occupied for some time over in 
America in connection with this enter- 
prise, and he has traversed the route for 
the projected canal from end to end, 
acting in this survey for the company 
who will undertake the construction of 
this new ship canal in conjunction with 
Messrs. C. H. Walker & Co., the well- 
known contractors, in which Mr. Perks 
is a partner, and who were interested in 
the Manchester Ship Canal. The new 
scheme which is on a gigantic scale, as 
evident from the figure quoted above 
as the probable cost of the works, is to 
provide a Canadian ship canal which 
will enable ocean-going steamships to 
transport the grain and other produce 
from the interior of the Dominion direct 
to Liverpool by water. The new water- 
way is to extend from Georgian Bay, 
through three of the Great Lakes, and 
down the Ottawa River to Montreal 
and the St. Lawrence, and the plans 
provide for a depth all the way sufficient 
to take any vessel drawing up to 24 ft. 
Obviously a great Canadian waterway 
directly connecting the fertile interior 
of the Dominion with the Atlantic Liner 
services should provean invaluable aid to 
the rapid development of the unbounded 
productive resources of Canada. 


> 


THE amalgamation, or combine, 
between Messrs. Harland and Wolft, 
Belfast, and Messrs. John Brown & Co., 


Clydebank, is unquestionably one of the 
largest and most important transactions 
of the kind ever attempted, and has 
awakened the keenest interest in 
engineering circles. It is not, it appears, 
an out-and-out amalgamation, but a co- 
operation in matters of business and 
finance involving an exchange of a cer- 
tain proportion of shares in the two 
firms, and a distribution, on natural lines, 
of business between the two yards. Sir 
Charles McLaren, the chairman of 
Messrs. John Brown, gave some further 
details at the annual meeting of the 
company recently held. He explained 
that the arrangement made would not 
involve any alteration in the manage- 
ment of either company. The arrange- 
ment was in the nature of an entente 
cordial with ample financial guarantee 
for its permanence and solidity. The 
board had no doubt that the interests of 
the shareholders had been attended to. 
It was obvious that the direct advantages 
to John Brown & Co. in obtaining so 
important a customer for their shaft- 
ing, steel castings and forgings, and 
other marine manufactures must be 
considerable, and would themselves go 
far to justify the purchase of the shares. 
In the opinion of the board, however, 
the indirect advantages of this union of 
interests were equally, or even more, 
important. The connection of each 
company was very extensive, and there 
could be little doubt that during future 
years it might be in the power of the 
one to give most valuable assistance to 
the other, both in technical and com- 
mercial affairs. Customers of each 
firm would also get the benefit of the 
combined experience and the immense 
resources of the two concerns. 
> 


THe heavy cost of construction would 
appear to be the chief reason for the 
departure on the part of the Highways 
Committee of the London County 
Council in the abandonment of the 
underground conduit system in favour 
of a surface-contact method of electric 
traction in the reconstruction of the 
Aldgate to Bow tramways. Ina recent 
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report the Highways Committee recom- 
mend that an experimental line be laid 
down on the “G.-B.” system, one that 
has now been in satisfactory operation 
at Lincoln for eighteen months. The 
length chosen for the experiment is the 
horse tramway extending from near 
Aldgate, vid Whitechapel Road, Mile 
End Road and Bow Road, to the county 
boundary at Bow Bridge, a length in all 
of about three miles, Under normal 
conditions the estimated cost of track- 
work (excluding cables, &c.) on this 
system of traction, compared with the 
conduit and the overhead systems, will 
be approximately as follows :— 
Per Mile of Track. 

Underground conduit system . £17,000 

‘*G.-B."” surface-contact system... £10,500 

Overhead trolley system ... .» £9,500 
These figures are exclusive of such 
items as cables and other equipments, 
which are common to all three systems. 

The “G.-B.” system is not the only 
example of a surface contact system 
satisfactorily at work in this country. 
The Wolverhampton lines, extending 
six or seven miles, are operated on the 
“ Lorain” system, while the “ Dolter” 
system has been adopted at Hastings, 
Mexborough and Torquay. Under these 
circumstances it is to be hoped that the 
committee have given the claims of all 
three systems their careful attention, 
and, apart from technical considerations, 
have satisfied themselves that the royalty 
and other conditions under which those 
exploiting the system chosen are willing 
to enter into, are as satisfactory as those 
which could be obtained in other direc- 
tions. 

> 

In reviewing the subject of improve- 
ments required in inland navigation, 
Mr. Henry de Salis, at a meeting of the 
Institution of Mining Engineers, made 
some interesting references to the ques- 
tion of railway owned canals. Such 
ownership he condemns as being inimical 
to canal development, a view with which 
we entirely co-incide. This, however, 
is not to assert the truth of the often 
heard assertion that all railways desire 
to strangle the trade on the canals in 


their possession. The policy of railway 
companies towards the canals that they 
have acquired, appears to have been 
exactly what suits them best in each 
particular case, and, consequently, not 
always the most favourable to canals as 
a whole. One of the largest railway 
owned properties, the Trent and Mersey 
Canal of the North Staffordshire Rail- 
way Co., will compare favourably both 
in condition and in management with 
any independent canal. The Lancaster 
Canal of the London and North Western 
Railway is equally well maintained, 
whilst among others which are quite up 
to the average, may be mentioned the 
Ashton, Peak Forest, and Macclesfield 
Canals of the Great Central Railway. 
On the other hand, a railway company 
having originally purchased a canal as 
the price of disarming opposition to its 
line, or of extinguishing a competitor, 
it is obvious that its policy with regard 
to it may not be one favourable to water 
carriage or the adjoining canals. Mr. 
de Salis cited some instances of extra- 
ordinary mutilations of canals by rail- 
ways. In 1879, the Monmouthshire 
Railway and Canal Co., obtained an 
act authorising them to stop up and fill 
in the mouth of the Monmouthshire Canal 
in the town of Newport, thereby sever- 
ing communication between the New- 
port Docks and the canal. In the fol- 
lowing year, 1880, the canal was acquired 
by the Great Western Railway Co. In 
the returns made to the Board of Trade 
in respect of the canals and navigations 
in the United Kingdom for the years 
1888 and 1898 it appears that the Mon- 
mouthshire Canal was conducted at a 
loss by the Great Western Railway Co., 
and under the circumstances this is not 
surprising. In 1845, the Gravesend 
and Rochester Railway and Canal Co. 
purchased the Thames and Medway 
Canal, which extended from _ the 
Thames at Gravesend to the Medway 
at Rochester. The tunnel, which has 
previously conveyed the canal between 
Higham and Rochester, was turned into 
a railway tunnel, leaving the canal to 
extend from Gravesend to nowhere in 
particular. 
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The Editor cordially invites early particulars of New Machinery, 
Improvements, Novelties, Gc., for inclusion under this section. 


Portable Work Bench. 


A recently introduced appliance that is 
likely to be well received by heating 
engineers, gas workers, shipbuilders and 
plumbers is the portable work bench 
shown in the accompanying illustrations, and 
which has been designed to take the place 
of the heavy and cumbersome wooden 
benches hitherto used. 

To facilitate removal from place to place 
the bench is collapsible but the design is 
such that, when in use, all the steadiness 
desirable is secured. The platform, on 
which the man stands, keeping the bench 
steady while in use, is hinged at the points 
where it is attached to the two front legs, 


PORTABLE WORK BENCH. 


and can thereby be turned up vertically 
against the legs for convenience in remov- 
ing from place to place, or for storage. 
The iron tray underneath the vice is also 
hinged to the two front legs, and can be 
turned up against them. When this is done 
a very flat and convenient apparatus for 
carrying is formed. 

The bench is supplied for pipe threading 
only and also with a bench vice, which can 
be easily fastened to the tool. As arranged 
for pipe threading the apparatus weighs 
50 lbs; with the vice the weight is 88lbs. 
The pipe vice takes pipe up to 2 ins. and 
jaws of the bench vice open to 33 in. The 
makers are the Union Standard Machine 
Co., 165, Queen Victoria Street, E.C. 


PORTABLE WORK BENCH AS ARRANGED FOR: PIPE 
THREADING, 
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The “ Statter’’ Patent Time 
Lag Relay. 


This time lag has been introduced to 
enable users of electric driving power to 
avail themselves of the advantages accruing 
from the use of such apparatus without 
the necessity of replacing motor starting 
switches by new ones, in which the time 
lag is specially fitted as an integral part. 
In the form illustrated the relay is convenient 
for the application of the inverse time 
element principle to motor starters, alternat- 
ing current switches and the like. It is 
arranged to act on the no load or no volts 
release coil, the action being to short circuit 
this coil and so open circuit. The connec- 
tions involved are merely electrical and 
can be made quickly by any competent 
wireman. 

The apparatus is usually set above the 
full load current of the motor. At this 
setting full load may be applied indefinitely, 
without the circuit being broken. If the 
load be increased to a 10 per cent. over- 
load, the circuit is broken if this amount of 
overload is sustained for several minutes. 
If the load be increased still further the 
time of operation is lessened until with 
dangerous loads, the action becomes 
instantaneous. A true inverse limiting 
action is thus obtained. 

The relay is also made to couple by 
electrical connections only to the trip coils 
of either circuit breakers or oil switches ; 
the connections recommended being similar 
to those for the induction relay. In this 
case the trip coil is normally short circuited, 


PORTABLE WORK BENCH AS ARRANGED FOR VICE. 


and the short removed by the relay, in con- 
tradistinction to the direct current method 
of operating a motor starter where the 
magnet included on the shunt circuit of the 
machine is normally energised, but is short 
circuited, and de-energised by the relay at 
the moment of its action. 

The action of this relay in short circuiting 
the no load coil is positive and definite and 
does away with the overload arrangement 
as applied to starters. 

For the satisfactory application of the 
time limit principle to all circuit breaking 


“ STATTER ’’ PATENT TIME LAG RELAY. 
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TIME,LAG IN SECONOS 


PERCENTAGE OVEARLOAQ 


CURVE SHOWING TIME LAG IN RELATION TO OVERLOAD. 


devices, modern practice demands two 
styles of curve, both of which it is claimed 
that this apparatus can give: A. A relay 
with the inverse time element principle 
acting throughout a limited range and 
afterwards opening instantaneously. B. A 
relay with the inverse time limit principle 
acting throughout its whole range. 

The first mentioned pattern of Statter’s 
time lag is suitable for motor protection. 
Here the resistance of an overload equal 
to three or four times the normal load of 
the motor would do damage to the com- 
mutator and brushes; at this point there- 
fore the relay to protect the motor fully 
must act instantly. 

For a central station net-work controlled 
by circuit breakers or oil switches such a 
relay would be useless. Here overloads 
exceeding ten times the value of the normal 
load may at times surge up through the 
cables and it is at this moment that dis- 
criminating action is needed. The second 
type of relay must therefore have a curve 
which becomes asymptotic to a line repre- 
senting a small interval of time on overloads 
of the greatest magnitude. This is met by 
a time lag arranged either in the relay 
form or attached to a circuit breaker, 
having curves asymptotic to different short 
periods of time. That is to say, in a series 
of say five breakers the first may be made 
asymptotic to two seconds and the last.to 
ty of a second, the intermediate ones 
being spaced at intervals between the two 
extremes. If a gang of such breakers be 


placed electrically in series, and 
a heavy short circuit applied, 
only the breaker having its 
curve asymptotic to th of 
a second will come out. This 
selective action is valuable in 
many instances which will 
readily suggest themselves. 

The apparatus is manufac- 
tured by the Switchgear Com- 
pany, Ltd., Newhall Street, 
Birmingham. 


> 


Safety Circular Cut- 
ter Block for Hand- 
Planing Machines. 


It is quite unnecessary for us 
to remind our readers of the 
fact that hand-planing machines 
have been responsible for num- 
bers of accidents in saw-mills and wood- 
working factories, because most practical 
men,whethermastersor machinists, know this 
already, and often with much sorrow. The 
hand planer is a most valuable machine, and 
would be still much more in demand except 
for the danger of using it, even when fitted 
with the best guard made. The usual prac- 
tice has been for makers to supply square 
cutter blocks, upon the flat surface of which 
the plane irons are bolted (Fig. 1). Thus it 


will be seen that as the knife edge has to 
revolve just above the table, the other parts 
of the cutter block spindle are by necessity 
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le‘t to revolve below the table top, so that 
the bolts may not catch the wood being 
planed. Then, again, the other two sides 
of the square cutter block not being utilised 
are, when revolving, still further away from 
the table top. It is the uneven surface pre- 
sented by the revolving square cutter block 
that constitutes its danger to the user. In 
the case of the cutter illustrated in Fig. 2, it 


FIG. 2. 


will at once be evident that in this circular 


arrangement it is practically impossible for 
much damage to happen to the operator. 
even if by accident the hand slips upon the 
round cutter block, for it provides its own 
guard, which revolves with it, and which 


makes it impossible for any 
fingers to become chopped 
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point out that an extra knife is provided 
(which is adjustable) immediately un- 
derneath the cutting edge of the planer 
knife, and which serves as the back 
iron in an ordinary hand plane, making 
for the best results whether it be soft or 
hard wood that is being worked. The 
makers claim that less power is required 
than with the square cutter block by reason 
of the reduced air resistance. Further, the 
humming noise and unpleasant vibration 
inherent in thg square form when running 
is absent in the circular cutter block. We 
are informed that very heavy cuts can be 
taken with ease which would be a danger- 
ous proceeding with the ordinary square 
cutter block. 

The English patent rights have just been 
secured by Messrs. Glover & Co., of Leeds, 
to whom readers are referred for further 
information. 


o> 


A New Steam Stop Valve. 


The destructive action of what is known 
as water-hammer action is well exemplified 
in Fig. 1 of the accompanying illustrations, 
which is that of a valve so destroyed at the 
Taff Vale Railway Company’s hydraulic 
station at Penarth. To determine the 
strength of this valve, the casting, shown 
to the left of the illustration, was made 
from the same pattern, and submitted to 





off or seriously damaged, be- 
cause the limbs are not per- 
mitted to become trapped or 
ensnared by any gaps such as 
are inherent in the type shown 
in Fig. 1. Not only for this 
reason does the new device 
call for attention, but also for 
the fact that it 
several other distinct features 
of interest. 

As thin steel metal strips 
are only necessary as knives, 
it will at or ce be seen that a 
great saving in steel and ex- 
pense is effected. Again, as 
the pressure is brought to bear 
right up to the cutting edge, 
the apparatus is found to cut 
sweeter and with much better 
finish. Thin knives are much 
more quickly and_ easily 
sharpened, and are, more- 


possesses 











over, less liable to become 
unequally balanced. We may 
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FIG. 


I.—VALVE CASINGS SHOWING CRACKS. 
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sist of a valve A, which is held 
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in position by the centre spindle 
C, and outside by six guides, 
which are cast on to the cylin- 
drical outer casing B. This 
casing is arranged to confine 
the sudden rush of water in one 
direction when forced out by the 
water - hammering action. A 
spring is carried on the spindle C, 
and is held in compression by the 
screw D, which is screwed into 
the cross bar E and locked by the 
check nut F. The lift of the 
valve d is determined by the screw 
D. It equals half the diameter 
of the valve. Should the spring, 
for some unforeseen reason, break, 
the valve will be stopped from 
further opening by the valve stem 
C coming into contact with the 
top of the recess in the screw D, 








FIG. 2.—WATER-HAMMER SAFETY STOP VALVE 


a hydraulic test. It was found that a pres- 
sure of 1,550 lb. per sq in. was required 
to fracture the body in the manner shown. 

To obviate such accidents, the makers 
of the valve in question, Messrs. James 


Baldwin & Co., of Devonshire Brass Works, 
Keighley, have introduced a new form of 
valve illustrated in Figs. 2 and 3. This is 
provided with a spring release valve, which 
in the case of sudden and excessive pressure 
caused by water-hammer will momentarily 
open. 

A diagrammatic view of the valve is 
given in Fig. 3. It will be seen to con- 





FIG. 3—LONGITUDINAL SECTION OF VALVE. 


the valve and the spindle being 
retained in a normal position by 
means of the casing B. The 
spring is compressed to give a pressure per 
sq. in. of from 15 to 25 per cent. over and 
above the working boiler pressure. 
Another form of the valve suitable for a 
range of steam pipes between the junction 
valve of a boiler and the engine is shown 
in Fig. 4. It embodies all the features of 
the valve referred to above. 
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Civil Engineering. 

The Royal Commission on Canals and Inland 
Waterways, VII. Engineer, 14th Fune, 1907. 

Influence Lines for Suspended Cantilevers. By 
M. S.Falk. Schoolof Mines Quarterly, April, 1907. 

The New Lighthouse on the Fastnet. By Sir 
Robert Ball, Times Engineering Supplement, 26th 
June, 1907. 

Early Reinforced Concrete in England. Engineer- 
ing, 21st Fune, 1907. 

Revolving Bridge on the Upper Port of Hamburg. 
Le Génie Civil, 6th Fuly, 1907. 

Bascule Bridge for the Corporation of Portsmouth. 
Engineering, 5th Fuly, 1907. 

Roofs. Il. Railway Engineer, Fuly, 1907. 

An Extensometer for Recording Deformations in 
Bridge Members under Impact Stress. Engineering 
News, 20th Fune, 1907. 

The Simplon Tunnel. La, Houille Blanche, 
Fune, 1907. ; 

Tunnel in the Rangier Railway Station of the 
Dutch Railway Company at Watergrafsmeer, near 
Amsterdam. Beton u Eisen, une, 1907. 

A Dam with Evacuators of Subterranean Floods 
at Marklissa on the Queis (Germany). Le Génie 
Civil, 15th Fune, 1907. 


Building. 

Rapid Factory Construction in Reinforced Con- 
crete. Concrete and Constructional Engineering, 
Fuly, 1907. 

Heating and Ventilation. 


Materials and Measurements. 


Boilers, Furnaces, and Fuel. 


Alcohol for Power. By J. A. Secor. Machinery, 
Fune, 1907. 

Heating Feed Water. Conditions and Apparatus 
Necessary to Secure Economy with Live Steam 
Heaters. By F. W. Midgley. Engineer, Chicago, 
1st Fune, 1907. 


The Economical Use of Cheap Bituminous Fuels. 
Mechanical World, 28th Fune and 5th Fuly, 1907. 

Modern Power Gas Producer. Practice and 
Applications (continued). 3y Horace Allen. 
Practical Engineer, 21st Fune and 5th Fuly, 1907. 


Engines and Motors. 

Carbureters and Vaporisers for Gasoline, Kero- 
sene and Alcohol. By C. E. Lucke. Engineer, 
Chicago, 15th Fune, 1907. 

British and American Engine Designs. Mechani- 
cal World, 28th Fune, 1907. 

Engine and Boiler Trials (continued). Mechanical 
World, 21st Fune, 1907. 


Hydraulics and Compressed Air. 
Standards of Efficiency in Compressed Air 
Practice.—The Air Compressor as an Air Meter. 
By F. Richards. Machinery, Fune, 1907. 
Steam Pipes. Mechanical World, 14th Fuze, 1907. 
Recent Development and Future Application of 
Centrifugal Pumps. Comparison of Centrifugal 
and Reciprocating Pump Installations. By D. S. 
3rown. Engineer, Chicago, 25th Fune, 1907. 
Electric v. Hydraulic Lifts. By Percy Good. 
Electrical Review, 5th Fuly, 1907. 


Shop Equipment and Practice. 

Novel Ideas in Die Making. Machinery, Fune, 
1907. 

Machine Tool Design. By Prof. J. T. Nicolson 
and Mr. Dempster Smith, XXXVII. Engineer, 
14th Fune, 1907. 

Design of a Punching and Shearing Machine, 
Ill. Practical Engineer, 28th Fune, 1907. 


Miscellaneous Mechanical Subjects. 
A Comparison of the Efficiency of Two Trains of 
Spiral Gears. Machinery, Fune, 1907. 
The Design of Crane Hooks (contenued). By E. G. 
Fiegehen. Mechanical World, 14th Fune, 1907. 


Design of Condensing Plant (continued). Mechani- 
cal World, 21st Fune, 1907. 
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Description of a Cold Storage Plant utilising 
Exhaust Steam. By Henry Lorrance, Jun. Stevens 
Institute Indicator, April, 1907. 

Processes and Machines for the Production of 
Armoured Cement Poles and Tubes. Beton u. Eisen, 
Fune, 1907. 

Lubricating Oils. By C. Baron. Proceedings 
Institute Civil Engineers, France, May, 1907. 


Locomotive and Railway Engineer- 
ing. 


All Steel Passenger Service Cars, Pennsylvania 
Railroad. American Engineering and Railroad 
Fournal, Fune, 1907. 

The Evolution of Railway Car Lighting. By 
G. W. Pearse. Illuminating Engineer, May, 1907. 

Mexican Railway Progress, II. By P. F. Martin. 
Times Engineering Supplement, 12th Fune, 1907. 

Track Deformations and their Prevention, 
XII., XIII. By G. Cuenot. Railway Gazette, 14th 
and 21st Fune, 1907. 

Steel Cars for Passenger Trains, P.R.R. Railway 
and Engineering Review, 8th and 15th une, 1907. 

The Corrugation of Rails. Engineering, 14th 
Fune, 1907. 

Four-Cylinder Compound Express Locomotive 
for the Danish State Railway. Engineering, 14th 
Fune, 1907. 

Express Passenger Engine, Bombay, Baroda and 
Central India Railway. Engineer, 21st Fune, 
1907. 

The Cost of Locomotives, 1890—1907. By L. H. 
Fry. Railway Gazette, 21st Fune, 1907. 

Recent Developments in Air Brake Control 
Apparatus. By F. H. Parke and S. W. Dudley. 
Railway Gazette, 21st Fune, 1907. 

Vibrations in Passenger Trains from High-Speed 
Electric Lighting Engines. By F. W. Huels. 
Fournal Western Society Engineers, April, 1907. 

A Practical Discussion of the ‘‘ Walschaert’ 
Valve Gear. Railway Master Mechanic, Fune, 
1907. 

A New Clearance Measuring Car for the Balti- 
more and Ohio Railroad. Engineering News, 13th 
Fune, 1907. 

An 8o ft. Flat Car trussed with Steel Cables. 
Engineering News, 13th Fune, 1907. 

The Cardiff Railway's New Line to Treforest: 

sss of the Works. Railway Gazett., 5th Fuly, 


The Great Interior Trunk Line of China. Rail- 
way Gazette, 5th Fuly, 1907. 

Cast Iron Wheels. Railway and Engineering 
Review, 22nd Fune, 1907. 

The Locomotive from Cleaning to Driving, VI. 
Railway Engineer, Fuly, 1907. 

New 8-Coupled (2-8-o) Compound Engines, 
St. Gothard Railway. Railway Engineer, Fuly, 
1907. 

Pacific Type Locomotive for Heavy Express 
Service on the Pennsylvania Railroad. Engineer- 
ing News, 20th Fune, 1907. 

Recommendations as to Practice in Locomotive 

ubrication. Engineering News, 20th Fune, 1907. 


A New 100-lb. Rail Section, Engineering News, 
27th Fune, 1907. 

Steam Superheating in Modern Locomotive Con- 
struction. Die Lokomotive, Fune, 1907. 


Locomotives at the Milan Exhibition. By H. 
Steffan. Die Lokomotive, Fune, 1907. 


Motor Engineering. 

The Schulze Manograph. Automotor Fournal, 
15th, 22nd, and 29th Fune, 1907. 

The ‘‘Chenard Walcker” Speed Gear. Autocar, 
15th Fune, 1907. 

Paraffin Motor Car Engine. Engineer, 21st Fune, 
1907. 

Considerations in the Design of a Four Cylinder 
Motor Car (continued). 21st Fune, 1907. 


Brooklands Racing Track: Inauguration of the 
Course. Autocar, 22nd Fune, 1907. 

Advantages and Disadvantages of Six-wheeled 
Carriages. La Locomotion Automobile, 23rd Fune, 
1907 


Electric Lighting. 


Specifications for Street Lighting. 
Electrician, 15th Fune, 1907. 


Western 


On the Determination of the Mean Horizontal 
Intensity of Incandescent Lamps. Electrical 
World, New York, 22nd Fune, 1907. 

The Comparison of Street Illuminants. By 
Kenelm Edgcumbe. Electrical Engineering, 4th 
Fuly, 1907. 


Electrical Generation and Trans- 
mission. 

Alternating Current Machines, VI. Practical 
Engineer, 14th Fune, 1907. 

Canadian Niagara Power Company's Transmis- 
sion to Buffalo. Electrical World, New York, 29th 
Fune, 1907. 

Transmission Line Towers and Economical 
Spans. By D. R. Scholes. Proceedings American 
Institute Electrical Engineers, May, 1907. 


Location of Broken Insulators and other Trans- 
mission Line Troubles. By L. C. Nicholson. 
Proceedings American Institute Electr.cal Engineers, 
May, 1907. 

One-Phase High-Tension Power Transmission. 
By E. J. Young. Some Power Transmission Econo- 
mics. 3y F. G. Baum. Proceedings American 
Institute Electrical Engineers, May, 1907. 

Critical Observations on the System of Electrical 
Transmission of Power with High-Tension Direct 
Current. Elektrotechnik und Maschinenbau, 23rd 
Fune, 1907. 


Electric Traction. 

Electric Car Braking By H.T. Plumb. Street 
Ra.lway Fournal, 1st F une, 1907 

A Graphic Method of Determining Tie Rod 
Spacing in Track Layouts. By C. W. Filkins. 
Street Railway Fournal, 1st Fune, 1907. 

Some Suggestions on Car Lubrication. Street 
Railway Fournal, 8th Fune, 1907. 

Electric Traction on Railways, II. By P. Dawson. 
Electrician, 14th and 21st Fune, 1907. 
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Notes on Three-Phase Traction. By G. B. 
Werner. School of Mines, Quarterly, April, 1907. 

The Charing Cross, Euston, and Hampstead 
Railway (conclusion). Electrician, 14th Fune, 1907. 

Car Wiring and Piping Practice of the Metropoli- 
tan West Side Elevated Railroad, Chicago. Streeé 
Railway Fournal, 15th Fune, 1907. 

Air Slipper Brakes. Electrical Review, 21st Fune, 
1907. 

Cylinder Lubrication. By W.H. Booth. Street 
Railway Fournal, 22nd Fune, 1907. 

The Electrified Section of the West Shore Rail- 
road between Utica and Syracuse, New York: The 
Oneida Railway. Engineering News, 27th fune, 
1907. 

The Charing Cross, Euston, and Hampstead 
Railway. Electrical Engincer, 20th Fune, 1907. 

Notes on Tramway Wear and Maintenance. By 
Cc. F. Wike. Tramway and Railway World, 4th 
Fuly, 1907. 

New Type of Rolling Stock for the Hudson 
Tunnels. Tramway and Railway World, 4th Fuly, 
1907. 

Electric Motor Power on Railways. Elek. 
Kraftbetriebe u. Bahnen, 22nd Fune, 1907. 

Single-Phase Electric Railway of the Valley of 
the Brembo (Lombardy). Le Genie Civil, 22nd 
Fune, 1907. 

On the Undulatory Wear of Street Rails (Tram- 
lines). Elek. Kraftbetriebe u. Bahnen, 14th fune, 
1907. 


Miscellaneous Electrical Engineer- 
ing. 

Lightning Rods and Grounded Cables as a means 
of protecting Transmission Lines against Lightning. 
By N. Rowe. Proceedings American Institute Elec- 
trical Engineers, May, 1907. 

Protection of the Internal Insulation of a Static 
Transformer against High-frequency Strains. By 
W. S. Moody. Proceedings American Institute 
Electrical Engineers, May, 1907. 

Pyrometry in Modern Workshop Practice. By 

: : I , 
C. R. Darling. Engineer, 14th Fune, 1907. 

Notes on the Corrosion of Lead - Covered 
Cables. By F. Fernie. Electrical Engineering, 20th 
Fune, 1907. 

Incorporated Municipal Electrical Association. 
Electrical Engineer, 28th J une, 1907. 

On the I.oss of Energy in the Dielectric of Con- 
densers and Cables 3y Dr. Bruno Monasch. 
Electrician, 28th Fune and 5th Fuly, 1907 

Static Balancers. By C. G. Gerrard. Electrical 
Review, 28th Fune, 1907. 

The Separation of the Iron Losses in Asyn- 
chronous Machines. By. T. F. Wall, M.Sc. 
Electrician, 21st Fune, 1907. 

Electric Power Plant at the Cambrian Collieries. 
Engineer, 5th Fuly, 1907. 

A New Variable Speed Electric Motor or Variable 
Voltage Dynamo. By Dr. R. Lorda. Electrician, 
5th Fuly, 1907. 

The Properties of Electrons By Samuel 
Sheldon. Proceedings American Institution Elec- 
trical Engineers, May, 1907. 


The Heating of a Wire Shaped Fuse. Elektro- 
technik und Maschinenbau, 16th Fune, 1907. 


Marine Engineering and Naval 
Architecture. 

The Pacific Twin-Screw Steamers, Quillota 
and Quilpue. Engineering, 14th Fune, 1907. 

The White Star Liner, Adriatic. International 
Marine Engineering, Fuly, 1907. 

The Oil-Motor Herring-Drifter, ‘ Thankful.” 
Engineering, 5th Fuly, 1907. 

: Marine Engine Piston-Rod Guides, I. Mechan- 
ical World, 5th Fuly, 1907. 

The Screw Propeller, XII. By A. E. Seaton. 
Marine Engineer and Naval Architect, 1st Fuly, 
1907. 

: The Present and Future of Submarine Naviga- 
tion. By L. Piand. Le Génie Civil, 29th Fune, 
1907. 


Water Supply. 

Water Supplies by Means of Artesian Bored 
Tube Wells. By H. F. Broadhurst. Iron and Coal 
Trades Review, 14th Fune, 1907. 

The Barren Jack Reservoir, New South Wales. 
Engineering, 5th Fuly, 1907. 


Streets and Pavements. 

Road Improvement Association (Incorporated). 
Conference of Road Makers and Road Users (con- 
clusion). Automobile Club Fournal, 27th Fune, 
1907. 

The Development of Street Pavements. By Geo. 
W. Lillson. Yournal Franklin Institute, Fune, 
1907. 


Sewage. 


Engineering Economics and Works 
Management. 

The Efficiency of the Worker ard his Rate of 
Pay. By Clive Hastings. American Engineer and 
Railroad Fournal, Fune, 1907. 

The Methods of Exact Measurement Applied to 
Individual and Shop Efficiency at the Topeka 
Shops of the Santa Fé. American Engineer and 
Railroad Fournal, Fune, 1907. 

How to keep Promises of Delivery. By J. 
Stratton. Electrical Review, 14th Fune, 1907. 


Miscellaneous. 

The Institution of Mining Engineers. Annual 
Meeting in London. Jron and Coal Trades Review, 
14th Fune, 1907. 

Improvements in Projectors, II. By J. I. Hall. 
Electrical Review, 14th Fune, 1907. 

Daylight Illumination. The Illuminating En- 
gineer, May, 1907. 

A New Torsion Meter. Engineering, 14th Fune, 
1907. 

Electric Smelting in Canada, By F. W. Har- 
bord. Times Engineering Supplement, 19th Fune, 
1907. 

Steinmetz’s Integrating Photometer. Western 
Electrician, 15th Fune, 1907. 





138 THE ENGINEERING REVIEW. 


Foundry Fluxes or Deoxidants. By W. J. May, 
Practical Engineer, Fune, 1907. 

Change of Structure in Iron and Steel. By Wm. 
Campbell, Ph.D. Y¥ournal Franklin Insli:ute, Fune, 
1907. 

Engineering and Illumination. By Le B. Marks. 
Stevens Institute Indicator, April, 1907. 

Practical Pryrometry. By. R. S. Whipple. 
Fournal Western Society Engineers, April, 1907. 

Paper and its Manufacture in all Ages. By. M. 
A. Blanchet. Proceedings Institute Civil Engineers, 
France, May, 1907. 


BOOK REVIEWS. 


* The Manufacture and Properties of 
Iron and Steel.’”’ By H. H.Campse ct. 
(New York and London : The Hill Publish- 
ing Co.) Fourth edition. Pp. 640, 5 dols. 


The literature of metallurgy is constantly 
growing but there will always be ample room for 
works of the calibre shown in this particular 
book. By his training and wide practical experi- 
ence, associated with literary abilities of no mean 
order, the author constitutes an ideal guide to a 
study of the production, properties and treal- 
ment of steel. On its first appearance this book 
at once took a recognised position and further 
editions have strengthened that position. In 
this the fourth edition, several changes, including 
abridgment, and extension are noted. As the 
book now stands the first part deals clearly but 
tersely with the chief principles of the 
metallurgy of iron. After this introduction the 
reader is carried from primitive methods of iron 
making right on to moJern blast furnace 
practice. Wrought iron and crucible steel lead 
up to the Bessemer process and both acid and 
basic methodsare clearly and correctly described. 
Then follows the open hearth furnace and here 
the author is possibly at his best, for on all 
questions of open hearth practice Mr. Campbell 
is, and justly so, an acknowledged authority. 
Other sections deal with segregation, the effect 
of hot working, heat treatment, effect of elements 
and others of the many problems met with in the 
production or manipulation of steel. ‘The book 
concludes with an able and impartial study of 
factors in industrial competition and a most 
comprehensive review of theiron industry of the 
leading nations. 

In view of the very high standard attained, 
one hesitates considerably in drawing attention 
tocertain minor points. Still, in future editions, 
we venture to think that the section on crucible 
steel could advantageously undergo revision. 
Further, the metallographical portion of chapter 
XV. will possibly admit of being brought more 
into line with practical experience. 

For example—p. 299 :— 

‘* Without taking into consideration austenite 

and troostite, hardened steel is composed of 


martensite alone or of martensite associated 
with ferrite or cementite.” 

The constitution of hardened steel thus 
indicated is not universally accepted by all 
metallographists and it is not accepted at all by 
practical men. However, these are minor 
features noted in passing. 

The book will admit of re-reading, it will prove 
invaluable for reference and we unhesitatingly 
recommend it to all metallurgists. Apart from 
a purely metallurgical audience the book will 
appeal to the user and manipulator of steel and 
the engineer will find within its pages much 
profitable and reliable information. 


The Assay of Tin and Antimony. 
By L. Parry, A.R.S.M. (London: The 
Mining Journal.) Second edition, 3s. 6d. net. 


Within a very short compass Mr. Parry gives 
most excellent matter, and the various methods 
described all bear the impress of an author 
thoroughly at home with each process. 
Wherever possible the author insists on volu- 
metric methods both from the point of rapidity 
and that of accuracy. Interested readers will 
find an admirable description of the ferric 
chloride titration for estimating tin, a method 
capable of yielding very accurate results when 
the specified conditions are followed. The 
practical character of the book will render it of 
special value to students of metallurgy and to 
analysts handling tin and antimony metals or 
alloys. 


British Engineering Standards Coded 
List. Vol. IV. (London: R. Atkinson, 
Ltd., 10, Essex Street, W.C.) 25s. net. 


The Engineering Standards Committee, 
realising that the cause of standardisation 
would be furthered considerably by the publica- 
tion of their findings, specifications, &c., in a 
commercial form, authorised the compilation 
of the British Engineering Standards Coded 
Lists, which are issued by their authority, and 
the coded arrangement selected has been adopted 
throughout as offering the greatest advantage 
from this standpoint. The appreciation with 
which these volumes have been received has 
well justified the action of the committee, and 
the books have proved themselves of great 
value both to manufacturers and buyers. 

Volume IV., one of the most interesting of 
the series, deals exclusively with railway rolling 
stock and the Report of the Locomotive Com- 
mittee for Indian Railways, with instructions to 
designers of standard locomotives for the Indian 
railways. 

In this volume is included a comprehensive 
code compiled by Mr. Charles S, Lake, which 
covers practically every exigency that may 
arise in locomotive practice. We believe that 
no such specialised code has ever been com- 
piled before, and it will be of special use and 
interest to all engaged in railway rolling stock 
work. 

















TRADE LITERATURE. 
_—— 

Messrs. Klein & Co., Dahlbruch, West- 
phalia, General catalogue of steam and gas 
engines, rolling mills, pumps, auxiliary engines 
for steelworks, rolling mills, &c. A point of 
interest in connection with this firm’s latest’ 
order for a gas engine is that it will be driven 
by the waste gas of copper smelting furnaces, 
and will probably be the first gas engine driven 
by such gas. 

Richardsons, Westgarth G Co., 
Ltd., Hartlepool. Catalogue of Winch con- 
densers of the ‘‘ Contraflo’’ type ; also booklet 
descriptive of the convex splash bar cooling 
towers. Another publication received from this 
firm relates to Morison’s evaporators and feed 
water heaters for marine boilers. 

The Newall Engineering Co., Ltd., 
Warrington. Latest catalogue of gauges and 
measuring machines, containing a number of 
screw gauges and external micrometers not 
previously listed. 

Combination Metallic Packing Co., 
Ltd. Latest list of war, merchant and 
passenger vessels recently built or building, 
fitted with ‘‘ Combination” Metallic Packing. 

Royce, Ltd., Trafford Park, Manchester. 
List of totally-enclosed marine-type motors 
fitted with ball-bearings. 

Monté-Callow & Co., Ipswich. Cata- 
logue of ‘‘ H.P.’’ electric capstans, both geared 
and direct acting. 

Alfred Herbert, Ltd., Coventry. Cata- 
logue, J section (6th edition), of hexagonal 
turret lathes. 

A. Borsig, Tegel by Berlin. Pamphlet 
describing some rack locomotives constructed 
by this firm. 

— — @——— — 

Franco-British Exhibition, 1908.—A meeting 
of the chairmen of the executive committees of the 
“* Engineering and Shipping "’ group of the Franco- 
British Exhibition was held recently, at which Sir 
William H. White, K.C.B., presided. Amongst 
those present were:—Sir Alexander Binnie (con- 
structional engineering), Mr. T. H. Riches (mech- 
anical engineering), Dr. R. T. Glazebrook, F.R.S. 
(electrical engineering), Mr. H. E. Jones (gas 
engineering), Mr. M. Deacon (mining engineering), 
Sir Hugh Bell, Bart. (iron and steel), Prof. W. 
Gowland (metals other than iron and steel), Dr. 
Francis Elgar, F.R.S. (shipbuilding and marine 
engineering), and Mr. J. Dixon (shipping). The 
general opinion was expressed that the engineering 
section, which already covers several hundred 
thousand square feet of floor space, of which one- 
half will be devoted tothe British section, should 
be materially increased, as from present indications 
it is fully anticipated that the demand will far 
exceed the space at the disposal of this committee, 
notwithstanding the fact that it will be the largest 
machinery hall ever constructed for an exhibition 
in this country. Meetings of the separate sectional 
committees are being arranged with a view to 
making the engineering and shipping departments 
the most important ever held. 
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Brick Construction Association, Los Angeles, 
California. Booklet entitled ‘‘ Burnt Clay Products 
in Fire and Earthquake,” which deals very fully 
with the effect of fire and earthquake in San 
Francisco on thedifferent fireproof materials. The 
book is of distinct value and contains alarge number 
of excellent half-tone reproductions, showing in 
great detail the condition of various buildings and 
materials after the fire. A price of 4s. 2d. is 
charged to cover cost of publishing and postage. 


Bateman’s Machine Tool Co., Ltd., Hunslet, 
notify us that they have received the following repeat 
orders: One 48 in. by 48 in. by 12 ft. Bateman 
patent high speed planer electrically driven, and 
with variable cutting speeds for a large North 
of England shipyard; one electrically driven 48 in. 
by 48 in. by 12 ft. for a firm of crane builders ; three 
30 in. by 30 in. by 8 ft. and ro ft. planers for an 
Ordnance Works, and a 42 in. by 42 in. by 18 ft. planer 
for a firm of machine tool makers in Scotland. 


Messrs. F. S. Cleaver & Sons, 32, Red Lion 
Street, Holborn, London, E.C. We have received 
samples of a new soap known as “ Antioyl"’ motor 
soap, which is a particularly efficient composition 
for removing all traces of oil from the hands. We 
can recommend it, not only to motorists, but to all 
who have to handle greasy machinery. It is also 
useful tor cleaning tarnished metal, dirty paint, &c. 


Mr. Alfrest S. Mumme, 95, Leadenhall Street, 
E.C., notifies that he has been appointed sole 
London’ representative for Messrs. R. S. 
Newall & Son, Ltd., Wire Rope Manufacturers, 
Liverpool; also Messrs.. Storry, Smithson & Co., 
Ltd., Hull, makers of the ‘*Economic”’ anti- 
fouling compositions. 


The Dexine Patent Packing G Rubber Co,, 
Ltd., of Stratford, have secured the contract for 
one year’s supply of ‘ Dexine” sheeting, patent 
metallic deep well pump buckets, gauge glass 
rings and tube to the Metropolitan Asylums 
Board. 


The Hudson Economiser Co. (1907) Ltd., 
2, Bishopsgate Street Without, inform us that they 
have purchased the business and all patent rights 
of The Hudson Economiser Co., Ltd., and have 
made arrangements for continuing the business 
under the above title. 


The Coventry Chain Co., Ltd., intimate that 
their liquidation was only to enable a larger (1907) 
company to be formed. The new company has 
taken over the whole of the liabilities of the old 
company and a new and enlarged works is in 
course of construction. 

Messrs. Crompton G Co., Ltd., intimate that 
Mr. A.G. Cuthbert, who formerly represented them 
in Ireland, has been placed in charge of their 
Manchester district, th- office for which is situated 
at Woodall’s Buildings, No. 42, Deansgate. 


Light Railway Commission.—We are asked 
to state that the offices of the Light Railway Com- 
mission have been transferred from 54, Parliament 
Street, S.W., to Scotland House, New Scotland 
Yard, Westminster, S.W. 


The London Electrical Fittings Co., Ltd. 
15, Newman Street, W. New catalogue of elec- 
trical fittings, accessories and switchboards. 


THE ENGINEERING REVIEW. 


PRIZE COMPETITION FOR ENGINEERS. 


WITH the object of encourag- 
ing readers of THE ENGINEER- 
ING REVIEW to communicate 
their ideas and experience on 
subjects of engineering interest, 
a prize of {10 was offered for 
what was, in the opinion of the 
Editor, the best article on one of 
the undermentioned subjects :— 

1. Live Steam Feed Heating. 

2. Flame Arc Lamps. 

3. The Management of Steam 

Turbines. 

The award will be announced 
in the September number. 

Our Third Prize Competition 
will relate to Workshop Practice, 
and will be limited to Works 


Managers, Foremen, and those 


under their charge, to provide 
1 


an opportunity of bringing their 
practical ideas and experiences 
into print. 

Three prizes will be offered— 
one of £5, one of £2, and one 
of £1—for the best short article 
describing and illustrating any 
emergency device or any job 
which has taxed the ingenuity 
of the machinist, pattern maker, 
fitter or foundry operator. 


INSTRUCTIONS AND CON- 
DITIONS. 

Articles, which should be of 
from 800 to 1000 words in 
length, must be written on one 
side of the paper only, and be 
signed by the competitor. 

Drawings and sketches must 
be on separate sheets of paper. 

A short biographical sketch 
of the competitor's technical 
experience should accompany 
the article. 

The right is reserved of pub- 
lishing the prize article, and also 
any of the others sent in; but 
in the case of the latter, payment 
will be made for the same at 
our usual scale rates. 

The Editor’s decision in all 
matters connected with the 
competition shall be final, and 
binding on all the competitors. 

All articles should be ad- 
dressed to the Editor of THE 
ENGINEERING REVIEW, 104, 
High Holborn, London, W.C., 
and marked on the outside, 
‘* Competition,” and the same 
must be received not later than 
November Ist. 





